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HIGH ETCH RESISTANT UNDERLAYER 
COMPOSITIONS FOR MULTILAYER 

LITHOGRAPHIC PROCESSES 

RELATED APPLICATIONS 

This application claims priority from Provisional Patent 
Application No. 60/903,223 ?led Feb. 23, 2007. 

FIELD OF THE DISCLOSURE 

The present disclosure relates to bilayer lithography used 
in semiconductor devices and more particularly to high etch 
resistant underlayer compositions for chemically ampli?ed 
bilayer resist systems. 

BACKGROUND OF THE DISCLOSURE 

Microelectronic industries, as Well as other related indus 
tries are constantly reducing the feature siZe for constructing 
microscopic structures. Effective lithographic techniques are 
essential in this quest and require constantly improved radia 
tion sensitive materials (resists). In order to resolve smaller 
structures, the Wavelength of the exposing light has been 
reduced into the deep UV regions of 248 nm, 193 nm and 157 
nm in addition to exposure to EUV or x-ray radiation. As the 
patterns and Wavelengths become ?ner, the material proper 
ties of the resists used for pattern delineation have become 
more and more demanding. In particular, requirements of 
sensitivity, transparency, aesthetics of the image produced, 
and the selectivity of the resists to etch conditions for pattern 
transfer become more and more strenuous. 

Advanced resists usually employ a technique called chemi 
cal ampli?cation in Which an acid generated by photolysis 
catalyZes a solubility sWitch from alkali insoluble to alkali 
soluble by removal of an acid sensitive (acid cleavable) group 
protecting an alkali-solubiliZing moiety. The principle of 
chemical ampli?cation as a basis for resist operation has been 
knoWn for some years (see US. Pat. No. 4,491,628). Most 
chemically ampli?ed resists have been designed around the 
use of acid sensitive carboxylic esters or acid sensitive 
hydroxystyrene derivatives. 

HoWever, chemically ampli?ed resist systems have many 
shortcomings. One problem is standing Wave effects, Which 
occur When monochromatic light is re?ected off the surface 
of a re?ective substrate during exposure. These standing 
Waves are variations of light intensity in the photoresist ?lm 
dependent on photoresist ?lm thickness caused by construc 
tive and destructive interference of monochromatic light due 
to re?ection. This in turn reduces resolution and causes line 
Width variations. These line Width changes are particularly 
troublesome for ever shrinking features. For example, stand 
ing Waves in a positive photoresist have a tendency to result in 
footing at the photoresist/ substrate interface reducing the 
resolution of the photoresist. CD variations can be controlled 
by tightly controlling the photoresist thickness variation. 
HoWever, this is di?icult to do When the photoresist has to 
cover steps in the substrate topography. Patterning over sub 
strate topography can also cause localiZed re?ections, Which 
result in areas of the photoresist to be over or underexposed. 
This re?ective notching results in localiZed line Width varia 
tions. 

In addition, chemically ampli?ed resist pro?les and reso 
lution may change due to substrate poisoning. This effect 
occurs, particularly, When the substrate has a nitride layer. It 
is believed that residual NiH bonds in the nitride ?lm deac 
tivate the acid at the nitride/resist interface. For a positive 
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2 
resist, this results in an insoluble area, and either resist scum 
ming, or a foot at the resist/ substrate interface. 

Furthermore, lithographic aspect ratios require the chemi 
cally ampli?ed resist layer be thin, e.g., about 500 nm or 
loWer, to print sub 180 nm features. This in turn requires the 
resist to have excellent plasma etch resistance such that resist 
image features can be transferred doWn into the underlying 
substrate. HoWever, in order to decrease absorbance of the 
chemically ampli?ed photoresists, aromatic groups, such as 
those in novolaks had to be removed, Which in turn decreased 
the etch resistance. 
The most common type of resists are called “single layer” 

resists (SLR). When employing light to expose, these resists 
utiliZe highly absorbing thin anti-re?ective coatings (ARCs) 
to minimiZe standing Wave effects. These anti -re?ective coat 
ings also mitigate problems With substrate poisoning if they 
are applied betWeen the substrate and the photoresist. 

In SLR systems a resist has the dual function of imaging 
and plasma etch resistance. Therefore, distinct performance 
tradeoffs have to be made betWeen lithographic properties of 
the resist like absorbance, image pro?les, resolution and sub 
strate plasma etch resistance. For example in a typical dielec 
tric mask open the resist is required to Withstand an oxygen 
plasma etch to open up the ARC layer and a subsequent 
substrate etch. A signi?cant amount of photoresist is lost 
during the ARC etch process as the etch selectivity betWeen 
resist andARC is only about 1:1. This requires the ARC to be 
as thin as possible to retain a suf?cient photoresist ?lm thick 
ness for the substrate etch. Therefore, these ARCs must have 
relatively high absorbance (k-values) at the actinic Wave 
length in order to be effective in preventing substrate re?ec 
tion. 

Another approach is the utilization of a bilayer resist 
(BLR) system. A BLR system consists of a substrate coated 
With a ?rst thick layer of Underlayer (UL) ?lm folloWed by a 
second thin layer of dried resist (imaging layer or IL). The 
Underlayer ?lm is etched in an oxygen rich plasma environ 
ment With the IL functioning as an etch mask. The typical 
imaging layer consists of a dried, chemically ampli?ed, sili 
con containing resist. The silicon in the IL converts to silicon 
dioxide during the oxygen plasma etch of the UL, thus giving 
the IL the needed etch selectivity to the UL. The Underlayer 
?lm then acts as a etch resistant mask for substrate etching 
using non-oxygen or loW-oxygen plasma etch chemistries, 
for removal of the underlying substrate. 

Similar to the ARC in SLR, the Underlayer ?lm in BLR 
should be optimally designed to absorb most of the deep UV 
light, Which attenuates standing Wave effects. In addition, the 
Underlayer ?lm prevents deactivation of the acid catalyst at 
the resist/ substrate interface. HoWever, in the BLR system it 
is the Underlayer ?lm that is the primarily etch mask for the 
substrate etch. Hence, Underlayer ?lms incorporate polymers 
With functional groups to provide etch selectivity. The resist 
doesn’t have the dual function to provide imaging and plasma 
etch resistance. Thus the resist can be thin compared to the 
SLR system and its lithographic properties do not have to be 
compromised. In addition, the Underlayer composition is 
applied to the substrate to produce an Underlayer ?lm at about 
2 to 5 times the thickness of a typical ARC layer. This helps 
substantially in planariZing the substrate prior to the next 
imaging step. Therefore the above mentioned re?ectivity 
problems due to substrate topography as Well as resist thick 
ness uniformity problems have been improved. 
Even though the underlayer ?lm attenuates standing Waves 

and substrate poisoning, it poses other problems. First, some 
underlayers are soluble to the chemical ampli?ed resist sol 
vent component. If there is intermixing betWeen the resist 
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When applied and the underlayer, the resolution and sensitiv 
ity of the imaging layer Will be detrimentally affected. 

The refractive index (N) is a complex number, N:n—ik, 
Where n is the “real” part of the refractive index, and ik the 
imaginary part of the refractive index. k is related to the 
absorption coef?cient as a function of Wavelength, (1.0»), by 
k:7»0t/(4J'c). If there is a large difference in the index of refrac 
tion betWeen the chemically ampli?ed resist and the under 
layer ?lm, light Will re?ect off the underlayer ?lm Which 
causes standing Wave effects in the resist. Thus, the real 
portion “n” of the index of refraction of the tWo layers must be 
made to essentially match or to have their differences mini 
miZed, and the imaginary portion “k” of the index of refrac 
tion of the tWo layers must be optimiZed to minimize re?ec 
tivity effects. This optimiZation is important to minimiZe 
residual re?ectivity from the UL/IL interface. Thus, When 
selecting the appropriate k-value a trade-off must be made 
betWeen suppression of substrate re?ectivity and re?ectivity 
from the UL/IL interface. k-values in the UL can be loW 
compared to ARCs because ULs are employed at a much 
higher ?lm thickness. This results in loW UL/IL interface 
re?ectivity. ARCs on the other hand need to be thin because of 
poor etch selectivity to the photoresist and in order to control 
substrate re?ectivity they need to be highly absorbing. 

Another problem With underlayers is that they are some 
times too absorbent because of incorporation of aromatic 
groups. Some semiconductor manufacturing deep UV expo 
sure tools utiliZe the same Wavelength of light to both expose 
the photoresist and to align the exposure mask to the layer 
beloW the resist. If the underlayer is too absorbent, the 
re?ected light needed for alignment is too attenuated to be 
useful. However, if the underlayer is not absorbent enough, 
standing Waves may occur. A formulator must balance these 
competing objectives. 

In addition, the underlayer ?lm must be compatible With at 
least one edge bead remover acceptable to the semiconductor 
industry as Well as give excellent compatibility With the resist 
coated over the underlayer ?lm so that lithographic perfor 
mance (e.g. photospeed, Wall pro?les, depth of focus, adhe 
sion, etc.) are not adversely impacted. 

Furthermore, some underlayers require UV exposure in 
order to form cross-links before the radiation sensitive resist 
can be applied to form the imaging layer. The problem With 
UV cross-linking underlayers is that they require long expo 
sure times to form su?icient cross-links. The long exposure 
times severely constrain throughput and add to the cost of 
producing integrated circuits. The UV tools also do not pro 
vide uniform exposure so that some areas of the underlayer 
may be cross-linked more than other areas of the underlayer. 
In addition, UV cross-linking exposure tools are very expen 
sive and are not included in most resist coating tools because 
of expense and space limitations. 
Some underlayers are cross-linked by heating. HoWever, 

the problem With some of these underlayers is that they 
require high curing temperatures and long curing times 
before the resist for the imaging layer can be applied. In order 
to be commercially useful, underlayers should be curable at 
temperatures below 2500 C. and for a time less than 180 
seconds. After curing, the underlayer ?lm should have a high 
glass transition temperature to Withstand subsequent high 
temperature processing and not interrnix With the resist layer. 

Even at temperatures below 2500 C. sublimation of small 
amounts of the underlayer ?lm components (eg TAGs, oli 
gomers from the polymer, etc.) or products (eg acids, alco 
hols, Water) from the thermal curing frequently occur. This 
can result in contamination of the equipment, Which requires 
more frequent cleaning or replacement of equipment to avoid 
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4 
loss of product yield and other measures. This results in 
increased costs and is undesirable. 

In certain applications, it is desirable for the underlayer 
?lm to planariZe the surface of the substrate. HoWever, this 
may be di?icult to accomplish With underlayer ?lms under 
going thermal crosslinking. As the temperature rises and the 
number of crosslinks increase, the glass transition tempera 
ture of the ?lm increases. This makes it more di?icult for the 
?lm to ?oW and planariZe the substrate. Thus it is desirable to 
use as loW a molecular Weight material as possible to improve 
the planariZation. HoWever, use of loWer molecular Weight 
polymers in the underlayer ?lm can adversely impact the 
lithographic performance of the resist imaging process. 

In addition to the requirements for no intermixing, no 
sublimation, EBR compatibility, good planariZation proper 
ties, and optical properties appropriately complementing the 
resist coated over the underlayer ?lm, underlayer ?lms need 
to have good etch resistance to alloW the pattern transfer into 
the underlying substrate. While novolak or p-hydroxystyrene 
(PHS) based polymers shoW good etch resistance to various 
plasma sources, these materials absorb very strongly at 193 
nm and their k(7»:1 93 nm) value is as high as 0.64. (Proc SPIE 
2001, 4345, p 50 and EP Patent No. 0542008). Conversely, 
acrylate-based polymers possess good optical transparency at 
193 nm but suffer from poor etch resistance. Solutions for 
these issues individually frequently adversely impact the per 
formance in other areas. US. Pat. No. 6,610,808 (De et al.) 
describes a polymer for use in an underlayer ?lm in a BLR 
system incorporating polar groups to improve EBR compat 
ibility. US Patent application 2005/0238997 (De et al.) 
describes a polymer system With decreased sublimation ten 
dencies and optimiZed MW ranges for the same use. HoW 
ever, these acrylic based underlayer ?lm materials need 
improved plasma etch resistance for certain applications. 

Cycloole?n polymers offer better transparency at 193 nm 
compared to novolaks and PHS-based materials. US. Pat. 
No. 6,136,499 discloses that cycloole?n polymer systems 
exhibit etch resistance superior to even some aromatic sys 
tems. HoWever, it is not obvious hoW to employ these mate 
rials as an underlayer ?lm and obtain all of the required 
properties of an underlayer ?lm at the same time. 

SUMMARY OF THE DISCLOSURE 

The present disclosure is directed to thermally curable 
polymer compositions employing cycloole?n polymers With 
aromatic pendant groups to control optical absorbance and 
provide excellent etch resistance and ?lm forming properties. 
The object of the present disclosure is to provide high etch 

resistant thermally curable Underlayer compositions With 
tunable absorbance for multilayer lithographic processes. 
This is accomplished by providing a cycloole?npolymer With 
absorbing and non- or loW-absorbing structural units as the 
polymer binder for the Underlayer composition. 

Therefore, one aspect of the present disclosure is directed 
to a novel etch resistant thermally curable Underlayer com 
position comprising: 

(a) at least one cycloole?n polymer comprising at least one 
repeating unit of Structure (I), and at least one repeating 
unit of Structure (II), and optionally at least one repeat 
ing unit of Structure (III) With the proviso that neither 
Structure (I) nor Structure (II) nor Structure (III) con 
tains acid sensitive groups 
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Structure (1) 

11% R3 
R2 W 

( HO n 

Structure (II) 

R% R13 
R12 R14 

Structure (III) 

R2 R23 

R22 R24 

wherein R1, R2 and R3 independently represent a hydrogen 
atom, a C l-C 10 linear, branched or cyclic alkyl group, a 
Cl-Cl0 partially or completely halogenated linear, 
branched or cyclic alkyl group, a C6-Cl0 aryl group, a 
halogen atom or a polar group; W is a single bond, 
40*, iSi, substituted or unsubstituted C l-C 1O lin 
ear or branched alkylene group, substituted or unsubsti 
tuted C4-Cl2 cycloalkylene or alicyclic residue, 

(:O)O(CH2)Pi, i(CH2)PNR6C(:O)i, Wherein R5 
is a C2-C6 linear, branched or cyclic alkylene group or 
C2-C6 partially or completely halogenated linear, 
branched or cyclic alkylene group; R6 is a hydrogen 
atom, a C 1 -C6 linear, branched or cyclic alkyl group or a 
Cl-C6 partially or completely halogenated linear, 
branched or cyclic alkyl group; p is an integer from 0 to 
about 4; q and r are independently an integer from about 
1 to about 4; Ar is a C6-C2O arylene group or a B-L-E 
group, Wherein B is a C6-Cl4 arylene group, E is a 
C6-Cl4 aryl group and L can be a single bond, a Cl-C4 
linear, branched or cyclic alkylene group, a Cl-C4 par 
tially or completely halogenated linear, branched or 
cyclic alkylene group, iSi, iOi, 4C(:O)i, 
%(:O)Oi, iO%(:O)iOi, iC(R7R8)i, 
4C(:CR9R1O)i or 4CR9:CR1Oi, Wherein R7, R8, 
R9 and R10 are independently a hydrogen atom, a halo 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
gen, a cyano group, a Cl-Cl0 linear, branched or cyclic 
alkyl group or a Cl-Cl0 partially or completely haloge 
nated linear, branched or cyclic alkyl group; R4 groups 
are independently C l-C6 linear, branched or cyclic alkyl 
groups, Cl-C6 partially or completely halogenated lin 
ear, branched or cyclic alkyl groups or halogen atoms; n 
is an integer from about 1 to about 5; o is an integer from 
0 to about 6; X and Y are, independently, a 4CH2i 
group, iOi or iSi and m is an integer from 0 to 
about 3; R11, R12, R13 and R14 are independently a 
hydrogen atom, a C l-C 10 linear, branched or cyclic alkyl 
group, a C 1 -C 10 partially or completely halogenated lin 
ear, branched or cyclic alkyl group, a halogen atom or a 
polar group selected from the group consisting of 
ADR“, iRmORls, and i(CH2)tOC(O)Rl7 With the 
proviso that at least one of R11 to R14 is a polar group 
selected from the group consisting of iORls, 
iRmORls, and i(CH2)tOC(O)Rl7; R15 is a hydrogen 
atom or a linear, branched or cyclic Cl-C6 alkyl group, 
R16 is a substituted or unsubstituted Cl-C6 linear, 
branched or cyclic alkylene group or C l-C6 partially or 
completely halogenated linear, branched or cyclic alky 
lene group, R17 is a hydrogen atom, a linear, branched or 
cyclic C 1 -C6 alkyl group, or a C7-C1 5 alicyclic group; t is 
an integer from 0 to about 4; s is an integer from 0 to 
about 3; R21, R22, R23 and R24 are independently a 
hydrogen atom, a C l-C 10 linear, branched or cyclic alkyl 
group, a C l -C 10 partially or completely halogenated lin 
ear, branched or cyclic alkyl group, a C6-C 1O aryl group 
Which does not contain a hydroxyl group, a halogen 
atom or a polar group selected from the group consisting 

of *(CHZLCKDRZS, *(CHZLCKDORZS, *(CHZLC 
(O)(OR26)XOR25 and 4O(R26O),LR25; Wherein V is an 
integer from 0 to about 5; X is an integer from about 1 to 
about 5; R25 represents a hydrogen atom, a substituted or 
unsubstituted Cl-C6 linear, branched or cyclic alkyl 
group or a Cl-C6 partially or completely halogenated 
linear, branched or cyclic alkyl group; R26 is a substi 
tuted or unsubstituted C2-C6, linear, branched or cyclic 
alkylene group or a C2-C6 partially or completely halo 
genated linear, branched or cyclic alkylene group and u 
is an integer from 0 to about 3; 

b) at least one amino or phenolic cross-linking agent; 
0) at least one thermal acid generator (TAG); 
d) at least one solvent; and 
e) optionally, at least one surfactant. 
The present disclosure also relates to a photolithographic 

bilayer coated substrate comprising: a substrate, a thermally 
cured ?lm of the above described Underlayer composition 
(Underlayer ?lm) coated on the substrate and a radiation 
sensitive chemically ampli?ed resist coated over the Under 
layer ?lm. 
The disclosure further relates to a process for forming a 

pattern on a substrate Which comprises the folloWing process 
steps: 

(a) providing a substrate; 
(b) coating in a ?rst coating step said substrate With a 

thermally curable Underlayer composition of this dis 
closure; 

(c) curing said Underlayer composition to provide an 
Underlayer ?lm; 

(d) coating in a second coating step a radiation sensitive 
resist over the Underlayer ?lm to produce a bilayer resist 
stack; 

(e) baking the radiation sensitive resist in a second baking 
step; 

(i) exposing the bilayer resist stack; 
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(g) developing a portion of the radiation sensitive resist of 
the bilayer resist stack and uncovering a portion of the 
underlying Underlayer ?lm; 

(h) rinsing the bilayer resist stack; and 
(i) etching the uncovered Underlayer ?lm in oxidizing 

plasma to produce a bilayer relief image. 

DETAILED DESCRIPTION AND 
EMBODIMENTS 

It is an object of this disclosure to provide a thermally 
curable polymer composition to be used to provide an Under 
layer ?lm for lithographic processes that has high etch resis 
tant capability With tunable absorbance at 193 nm that is 
compatible With high performance lithographic imaging With 
high formulation latitude. In addition this thermally curable 
polymer composition needs to be compatible With solvents 
employed in commercial edge bead remover compositions 
and have a high enough glass transition temperature for 
improved dimensional stability during processing. 

The term “acid sensitive group” is de?ned to mean a func 
tional group Which reacts more than 5 molar % in the presence 
of a carboxylic or sulfonic acid under bake conditions of up to 
160° C. for a duration of up to 10 minutes to yield a neW 
functional group that increases the polymer’s solubility in 
aqueous alkali developer solutions. 

The thermally curable polymer composition comprises a 
cycloole?n polymer, an amino or phenolic cross-linking 
agent, a thermal acid generator (TAG), and a solvent. When 
the composition is cast as a ?lm and is heated, the thermal acid 
generator produces an acid that catalyZes the crosslinking 
reaction With the crosslinker. After su?icient crosslinking, the 
Underlayer ?lm Will be insoluble in the resist coating solvent. 

Thermal acid generators are preferred for this Underlayer 
composition, although free acids could be used. HoWever, 
free acids may shorten the shelf life of the Underlayer com 
position if the polymer crosslinks over time in solution. Con 
versely thermal acid generators are only activated When the 
Underlayer ?lm is heated. Even though the Underlayer com 
position may comprise a cycloole?n polymer and crosslink 
ing agent capable of crosslinking the cycloole?n polymer 
upon heating Without a TAG, the addition of the thermal acid 
generator is preferred for enhanced crosslinking e?iciency. 

It is critical to the lithographic performance of the BLR 
system that the Underlayer ?lm minimiZe re?ective interfer 
ence effects from both the substrate and the Underlayer ?lm/ 
imaging layer interface. This is accomplished by carefully 
tuning the optical properties of the Underlayer ?lm to the 
imaging layer (IL). Both the “real” portion of the refractive 
index (n) and the “imaginary” portion of the refraction index 
(ik) are important. k has a positive correlation to the absorp 
tion of the material. A polymer needs: su?iciently high opti 
cal absorbance to prevent light to re?ect back from the sub 
strate into the imaging layer interface. The polymer also 
needs to have a closely matched refractive index n With the 
imaging layer in order to prevent light re?ection from the 
Underlayer ?lm/ imaging layer. If the UL and IL have a 
closely matched n, the re?ection of light from the Underlayer 
?lm is then in approximation proportional to k2 of the Under 
layer ?lm. (See Neisser et al. Proc SPIE 2000, 4000, p 942 
951 and US. Pat. Nos. 6,042,992 and 6,274,295). Thus, 
reducing k by a factor of tWo Will reduce the re?ectivity of the 
UL/IL interface by a factor of four. Therefore, the “imagi 
nary” portion “k” of the index of refraction of the tWo layers 
must be optimiZed to minimiZe re?ectivity effects from both, 
a re?ecting substrate and the Underlayer ?lm. Generally 
Underlayer ?lms have relatively loWer k-values than ARCs, 
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8 
but still provide loW substrate re?ectivity simply because they 
are coated at higher ?lm thicknesses. These loWer k values 
provide better suppression of light re?ected from the UL/ IL 
interface back into the IL. In addition, higher coating thick 
nesses of the Underlayer ?lm compared to ARCs minimiZe 
variations in substrate re?ectivity due to ?lm thickness non 
uniforrnity of the Underlayer ?lm and also reduces variation 
in imaging layer thickness non-uniformity due to superior 
planariZation. All of this minimiZes the interference effects 
from the actinic light in the imaging layer and results in more 
stable lithographic processes. 

Plasma and/or reactive ion etch (RIE) resistance is another 
critical parameter for the Underlayer ?lm in bilayer applica 
tions in order to ensure e?icient pattern transfer of the resist 
into the appropriate substrate. The proper absorptivity and 
substrate etch selectivity of the Underlayer ?lms produced 
from the Underlayer ?lm compositions of the present disclo 
sure are obtained by carefully balancing the amounts and 
types of monomeric units, especially those containing aro 
matic pendent groups, into the cycloole?n polymer. 
The Underlayer ?lm compositions of the present disclo 

sure comprise copolymers that comprise cycloole?n repeat 
ing units. These cycloole?n repeating units provide relatively 
high carbon to hydrogen ratios resulting in good plasma etch 
resistance. In addition, polymers prepared from cycloole?n 
monomers have good transparency at 193 nm and typically 
have high glass transition temperatures. 

In one embodiment, the present disclosure is directed to a 
novel etch resistant thermally curable Underlayer composi 
tion comprising: 

(a) at least one cycloole?n polymer comprising at least one 
repeating unit of Structure (I), and at least one repeating 
unit of Structure (II), and optionally at least one repeat 
ing unit of Structure (III) With the proviso that neither 
Structure (I) nor Structure (II) nor Structure (III) con 
tains acid sensitive groups 

Structure (I) 

R1 m R3 

R2 W 

R4)‘, 
( HO 

n 

Structure (II) 
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-continued 
Structure (Ill) 

wherein R1, R2 and R3 independently represent a hydrogen 
atom, a C l-C 10 linear, branched or cyclic alkyl group, a 
Cl-Cl0 partially or completely halogenated linear, 
branched or cyclic alkyl group, a C6-Cl0 aryl group, a 
halogen atom or a polar group; W is a single bond, 
40*, iSi, substituted or unsubstituted C l-C 1O lin 
ear or branched alkylene group, substituted or unsubsti 

(:O)O(CH2)Pi, i(CH2)PNR6C(:O)i, Wherein R5 
is a C2-C6 linear, branched or cyclic alkylene group or 
C2-C6 partially or completely halogenated linear, 
branched or cyclic alkylene group; R6 is a hydrogen 
atom, a C 1 -C6 linear, branched or cyclic alkyl group or a 
Cl-C6 partially or completely halogenated linear, 
branched or cyclic alkyl group; p is an integer from 0 to 
about 4; q and r are independently an integer from about 
1 to about 4; Ar is a C6-C2O arylene group or a B-L-E 
group, Wherein B is a C6-Cl4 arylene group, E is a 
C6-Cl4 aryl group and L can be a single bond, a Cl-C4 
linear, branched or cyclic alkylene group, a Cl-C4 par 
tially or completely halogenated linear, branched or 
cyclic alkylene group, iSi, iOi, 4C(:O)i, 
4C(:O)Oi, iO4C(:O)iOi, iC(R7R8)i, 
4C(:CR9R1O)i or 4CR9:CR1Oi, Wherein R7, R8, 
R9 and R10 are independently a hydrogen atom, a halo 
gen, a cyano group, a Cl-Cl0 linear, branched or cyclic 
alkyl group or a C l-C 1O partially or completely haloge 
nated linear, branched or cyclic alkyl group; R4 groups 
are independently C l-C6 linear, branched or cyclic alkyl 
groups, Cl-C6 partially or completely halogenated lin 
ear, branched or cyclic alkyl groups or halogen atoms; n 
is an integer from about 1 to about 5; o is an integer from 
0 to about 6; X and Y are, independently, a 4CH2i 
group, iOi or iSi and m is an integer from 0 to 
about 3; R11, R12, R13 and R14 are independently a 
hydrogen atom, a C l-C 10 linear, branched or cyclic alkyl 
group, a C 1 -C 10 partially or completely halogenated lin 
ear, branched or cyclic alkyl group, a halogen atom or a 
polar group selected from the group consisting of 
40R“, iRmORls, and i(CH2)tOC(O)Rl7 With the 
proviso that at least one of R11 to R14 is a polar group 
selected from the group consisting of iORls, 
iRl 6OR”, and i(CH2)tOC(O)Rl7; R15 is a hydrogen 
atom or a linear, branched or cyclic Cl-C6 alkyl group, 
R16 is a substituted or unsubstituted Cl-C6 linear, 
branched or cyclic alkylene group or C l-C6 partially or 
completely halogenated linear, branched or cyclic alky 
lene group, R17 is a hydrogen atom, a linear, branched or 
cyclic Cl-C6 alkyl group, or a C7-Cl5 alicyclic group; t is 
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10 
an integer from 0 to about 4; s is an integer from 0 to 
about 3; R21, R22, R23 and R24 are independently a 
hydrogen atom, a C l-C 10 linear, branched or cyclic alkyl 
group, a C 1 -C 10 partially or completely halogenated lin 
ear, branched or cyclic alkyl group, a C6-C 1O aryl group 
Which does not contain a hydroxyl group, a halogen 
atom or a polar group selected from the group consisting 

of*(CH2)vC(O)R2i *(CHZ)VC(O)OR2S, *(CHQVC 
(O)(OR26)XOR25 and 4O(R26O)XR2S; Wherein V is an 
integer from 0 to about 5; X is an integer from about 1 to 
about 5; R25 represents a hydrogen atom, a substituted or 
unsubstituted Cl-C6 linear, branched or cyclic alkyl 
group or a Cl-C6 partially or completely halogenated 
linear, branched or cyclic alkyl group; R26 is a substi 
tuted or unsubstituted C2-C6, linear, branched or cyclic 
alkylene group or a C2-C6 partially or completely halo 
genated linear, branched or cyclic alkylene group and u 
is an integer from 0 to about 3; 

b) at least one amino or phenolic cross-linking agent; 
0) at least one thermal acid generator (TAG); 
d) at least one solvent; and 
e) optionally, at least one surfactant. 
When the composition is heated, the thermal acid generator 

creates an acid that protonates the polyfunctional amino or 
phenolic cross-linking agent resulting in a very strong elec 
trophilic group. This group reacts With a hydroxyl group on 
the cycloole?n polymer and forms a cured cross-linked poly 
mer matrix. 

The polymer comprises a repeating unit represented by 
Structure (1) 

Structure (1) 

subject to the proviso that Structure (1) does not contain an 
acid sensitive group, Wherein R1, R2 and R3 independently 
represent a hydrogen atom, a Cl-Cl0 linear, branched or 
cyclic alkyl group, a Cl-Cl0 partially or completely haloge 
nated linear, branched or cyclic alkyl group, a C6-Cl0 aryl 
group, a halogen atom or a polar group; W is a single bond, 
40*, iSi, substituted or unsubstituted C l-C 10 linear or 
branched alkylene group, substituted or unsubstituted C 4-C l 2 

cycloalkylene or alicyclic residue, i(CH2)POi, i(CH2)pO 
(CHQF, *(CHQMRSQW *(CH2),.C(:0)0< 
*(CH2)..C<:0)0(CH2)F *(CH2)..C(:O)O(R50).< 
*(CHZ),.OC(:O)O(CHZ)P< (CH2),.NR6C(:0)< 
Wherein R5 is a C2-C6 linear, branched or cyclic alkylene 
group or C2-C6 partially or completely halogenated linear, 
branched or cyclic alkylene group; R6 is a hydrogen atom, a 
Cl-C6 linear, branched or cyclic alkyl group or a Cl-C6 par 
tially or completely halogenated linear, branched or cyclic 
alkyl group; p is an integer from 0 to about 4; q and r are 
independently an integer from about 1 to about 4; Ar is a 
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C6-C2O arylene group or a B-L-E group, wherein B is a C6-Cl4 
arylene group, E is a C6-Cl4 aryl group and L can be a single 
bond, a Cl-C4 linear, branched or cyclic alkylene group, a 
C 1 -C4 partially or completely halogenated linear, branched or 
cyclic alkylene group, iSi, iOi, 4C(:O)i, 
iC(:O)Oi, A)iC(:O)A)i, iC(R7R8)i, 
iC(:CR9R1O)i or 4CR9:CR1Oi, Wherein R7, R8, R9 
and R10 are independently a hydrogen atom, a halogen, a 
cyano group, a C l-C 10 linear, branched or cyclic alkyl group 
or a Cl-Cl0 partially or completely halogenated linear, 
branched or cyclic alkyl group; R4 groups are independently 
C 1 -C6 linear, branched or cyclic alkyl groups, C 1 -C6 partially 
or completely halogenated linear, branched or cyclic alkyl 
groups or halogen atoms; n is an integer from about 1 to about 
5; o is an integer from 0 to about 6; X andY are, indepen 
dently, a iCH2i group, 40* or iSi and m is an integer 
from 0 to about 3. Methylene is the preferredX andY bridging 
group. 

Preferred R1, R2 and R3 groups include hydrogen atoms, 
halogen atoms, C 1 -C2 alkyl groups or C l-C2 partially or com 
pletely halogenated alkyl groups. More preferred R1, R2 and 
R3 groups include hydrogen atoms, halogen atoms or ethyl 
groups. Most preferred R1, R2 and R3 groups are hydrogen 
atoms. Suitable examples of R1, R2 and R3 include, but are not 
limited to, a hydrogen atom, methyl, ethyl, propyl, butyl, 
hexyl, cyclohexyl, nonyl, chloro, ?uoro, tri?uoromethyl, pen 
ta?uoroethyl, cyano and phenyl. The preferred examples of 
R1, R2 and R3 include, but are not limited to, a hydrogen atom, 
methyl, chloro and ?uoro. 

Preferred W connecting groups are a single bond, iOi, 
iSi, Cl-C6 linear, branched or cyclic alkylene groups, 
*<CH2),.O< *(CHZ)PO(CHZ)F, *(CH2),.C(:0)0< 
i(CH2)PC(:O)O(CH2)qi and i(CH2)PNR6C(:O)i. 
More preferred W connecting groups are single bonds, 
iOi, Cl-C4 linear, branched or cyclic alkylene groups, 
i(CH2)POi groups, i(CH2)pO(CH2)qi groups and 
i(CH2)PC(:O)Oi groups. The mo st preferred connecting 
groups W are single bonds and Cl-C4 linear, branched or 
cyclic alkylene groups. Suitable examples of W include, but 
are not limited to, a single bond, iOi or iSi atom, 
methylene, ethylene, propylene, butylene, cyclohexylene, 

OCHZi, iCH2NHC(:O)i, iCH2NCH3C(:O)i and 
the like. Preferred examples for W include, but are not limited 
to, a single bond, iOi, methylene, ethylene, propylene, 
butylene, cyclohexylene, iCH2Oi, 4CH2OCH2i, 
iCH2NHC(:O)i, CH2C(:O)OCH2i, and iCHzC 
(:O)Oi. The more preferred examples of W include, but 
are not limited to, a single bond, iOi, methylene, ethylene, 
propylene, butylene iCHZOi, i(CH2)O(CH2)i and 
iCH2C(:O)Oi. The most preferred examples of W 
include, but are not limited to, a single bond and methylene. 

R5 is preferably a C2-C6 linear or branched alkylene group. 
Suitable examples of R5 groups include, but are not limited to, 
ethylene, propylene, isopropylene, butylene, pentylene, 
hexylene, cyclohexylene, tetra?uoroethylene and the like. 
Preferred examples of R5 include, but are not limited to, 
ethylene and isopropylene. 

R6 is preferably a hydrogen atom or a Cl-C6 alkyl group. 
Suitable examples of R6 groups include, but are not limited to, 
a hydrogen atom, methyl, ethyl, propyl, butyl, pentyl, hexyl, 
cyclohexyl, tri?uoromethyl and the like. 

Suitable Ar groups are C6-C2O arylene groups and B-L-E 
groups. Preferred Ar groups are C6-Cl4 arylene groups and 
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12 
B-L-E groups. More preferred Ar groups are C6-C 1O arylene 
groups. If a B-L-E group is employed the preferred B groups 
are substituted or unsubstituted C6-Cl0 arylene groups and 
preferred E groups are substituted or unsubstituted C6-Cl0 
aryl groups. More preferred B groups are substituted or 
unsubstituted C6-Cl0 arylene groups and more preferred E 
groups are substituted or unsubstituted C6-Cl0 aryl groups. 
The mo st preferred B groups are substituted or unsubstituted 
phenylene groups and the most preferred E groups are sub 
stituted or unsubstituted phenyl groups. Suitable examples of 
B include, but are not limited to, substituted or unsubstituted 
phenylene and naphthylene groups. Suitable examples of E 
include, but are not limited to, substituted or unsubstituted 
phenyl and naphthyl groups. 

Preferred connecting groups L include single bonds, 
40*, C1 -C2 alkylene groups, C 1 -C2 partially or completely 
halogenated alkylene groups, iC(:O)i, 4C(:O)Oi, 
4C(R7R8)i, iC(:CR9RlO)i or iCR9:CR1Oi 
groups. More preferred connecting groups L are a single 
bond, iOi, a Cl-C2 alkylene group, a Cl-C2 partially or 
completely halogenated alkylene group, and 4C(R7R8)i, 
4C(:CR9RlO)i or iCR9:CRlOi groups. The most 
preferred connecting groups L are a single bond or methyl 
ene. Preferred R7, R8, R9 and R10 groups are independently 
hydrogen atoms, Cl-C6 linear, branched or cyclic alkyl 
groups, partially or completely halogenated Cl-C6 linear, 
branched or cyclic alkyl groups or cyano groups. More pre 
ferred R7, R8, R9 and R10 groups include hydrogen atoms, 
Cl-C2 alkyl groups or Cl-C2 partially or completely haloge 
nated alkyl groups. Suitable examples of R7, R8, R9 and R10 
include, but are not limited to, a hydrogen atom, methyl, 
ethyl, propyl, butyl, hexyl, nonyl, cyclohexyl, chloro, ?uoro, 
tri?uoromethyl, penta?uoroethyl, cyano and the like. Pre 
ferred examples of R7, R8, R9 and R10 include, but are not 
limited to, a hydrogen atom, methyl, tri?uoromethyl and 
cyano. Suitable examples of connecting group L include, but 
are not limited to, a single bond, iSi, iOi, 4C(:O)i, 
4C(:O)Oi, 4OiC(:O)4Oi, iCHZi, 
4C(CF3)2i, iC(CH3)2i, 4C(:CH2)i or 
4CH:CHi and the like. 

Suitable examples of Ar include, but are not limited to, 
phenylene, naphthylene, anthracenylene, phenanthrace 
nylene, indenylene, biphenylene, 4-benZylphenylene, 4-phe 
noxyphenylene, 4-phenacylphenylene, 4-phenylisopropy 
lidenephenylene, 4-phenyl-(l , l , 1 ,3,3,3) 
hexa?uoroisopropylidenephenylene, 
4-phenylcarbonylphenylene, and the like. Preferred Ar 
examples include phenylene, biphenylene, benZylphenylene 
and 4-phenoxyphenylene. 

Preferred R4 groups are independently hydrogen atoms, 
Cl-C4 linear, branched or cyclic alkyl groups or Cl-C4 par 
tially or completely halogenated alkyl groups. More preferred 
R4 groups are independently hydrogen atoms, methyl or tert 
butyl or ?uorinated Cl-C2 alkyl groups. Most preferred R4 
groups are independently hydrogen atoms. Suitable examples 
of R4 groups include, but are not limited to, a hydrogen atom, 
methyl, ethyl, propyl, isopropyl, n-butyl, tert-butyl, hexyl, 
cyclohexyl, cyclopentyl, chloro, ?uoro, bromo, tri?uorom 
ethyl and the like. Preferred examples of R4 are a hydrogen 
atom, methyl, tert-butyl and tri?uoromethyl. 
WhenAr is phenyl, n is an integer from 1 to 3, o is an integer 

from 0 to 4 With the proviso that the sum of n and o is no 
greater than 5. A more preferred n is the integer l or 2 and a 
more preferred 0 is an integer from 0 to 3. The most preferred 
n is l and the most preferred 0 is 0. 
When Ar is naphthyl, n is an integer from 1 to 5, o is an 

integer from 0 to 6 With the proviso that the sum of n and o is 
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no greater than 7. A more preferred n is an integer from 1 to 3 
and a more preferred 0 an integer from 0 to 3. The most 
preferred n is 1 and the most preferred 0 is 0. m is preferably 
0 or 1. The most preferred m is 0. 

Suitable examples of Ar(OH)n(R4)0 include, but are not 
limited to, 

OH OH OH OH 

2 f I" % 2 CH3 
OH 

HO 
O 

HO 

CH3 CH3 

HO 

OH O v? 
on @55 
How 

Wherein vWWvindicates the bond betWeen Ar(OH)n(R4)0 and 
W or the polymer backbone. 

Illustrative examples of Structure (I) generating monomers 
include, but are not limited to, 4'-bicyclo[2.2.1]hept-5-en-2 
ylphenyl acetate, 3'-bicyclo[2.2.1]hept-5-en-2-ylphenyl 
acetate, 4'-bicyclo[2.2.1]hept-5-en-2-ylnaphthyl acetate, 
4'-bicyclo[2.2.1]hept-5-en-2-yl-(2'-anthracenyl)acetate, 
2'-bicyclo [2 .2 . 1 ]hept-5 -en-2 -yl-(9'-anthracenyl)acetate, 4' 
(3-methylbicyclo[2.2.1]hept-5-en-2-yl)phenyl acetate, 4'-(3 
chlorobicyclo[2.2.1]hept-5-en-2-yl)phenyl acetate, 4'-(3 
methylbicyclo[2 .2 . 1 ]hept-5 -en-2-yl)-1',2'-phenylene 
diacetate, 4'-bicyclo[2.2.1]hept-5-en-2-yl-1',2'-phenylene 
diacetate, 4'-(3-chlorobicyclo[2.2.1]hept-5-en-2-yl)-1',2' 
phenylene diacetate, 2'-methyl-5'-(3-methylbicyclo[2.2.1] 
hept-5-en-2-yl)phenyl acetate, 2'-chloro-5'-(3 -methylbicyclo 
[2.2.1]hept-5-en-2-yl)phenyl acetate, 4'-(4"-bicyclo[2.2.1] 
hept-5-en-2-ylcyclohexyl)phenyl acetate, 4'-bicyclo[2.2.1] 
hept-5-en-2-ylbiphenyl-4-yl acetate, 4'-(bicyclo[2.2.1] 
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14 
hept-5-en-2-ylmethyl)phenyl acetate, 4'-4'-tetracyclo 
[4.4.0.12’5.17’1°]dodecyl-8-ene-phenyl acetate, 4-(acetyloxy) 
benzyl bicyclo[2.2.1]hept-5-ene-2-carboxylate, 4-{[(bicyclo 
[2.2.1]hept-5-en-2-ylcarbonyl)oxy]amino}phenyl acetate, 
4-[1-(4-bicyclo[2.2.1]hept-5-en-2-ylphenyl)-1-methylethyl] 
phenyl acetate, 4-(4-bicyclo[2.2.1]hept-5-en-2-ylbenzoyl) 
phenyl acetate, 4-[(4-bicyclo[2.2.1]hept-5-en-2-ylphenyl) 
thio]phenyl acetate, 4-bicyclo[2.2.1]hept-5-en-2-ylphenyl 
4-(acetyloxy)benzoate, 4-(4-bicyclo[2.2.1]hept-5-en-2-yl 
benzyl)phenyl acetate, 4-[1-(4-bicyclo[2.2.1]hept-5-en-2 
ylphenyl) -2,2,2-trichloro- 1 -(trichloromethyl)ethyl]phenyl 
acetate, 4-[1-(4-bicyclo[2.2.1]hept-5-en-2-ylphenyl)-2,2,2 
tri?uoro-l -(tri?uoromethyl)ethyl]phenyl acetate, 4'-bicyclo 
[2 .2. 1]hept-5-en-2-yl-trimethylsiloxybenzene, 3'-bicyclo 
[2 .2. 1]hept-5-en-2-yl-trimethylsiloxybenzene, 4'-bicyclo 
[2.2.1]hept-5-en-2-yl-triethylsiloxybenzene and the like. The 
preferred monomer generating Structure (I) are 4'-bicyclo 
[2.2.1]hept-5-en-2-ylphenyl acetate, 3'-bicyclo[2.2.1]hept-5 
en-2-ylphenyl acetate, 4'-bicyclo[2.2.1]hept-5-en-2-ylnaph 
thyl acetate, 4'-tetracyclo[4.4.0.12’5 .17’lO]dodecyl-8-ene 
phenyl acetate, 4-(acetyloxy)benzyl bicyclo[2.2.1]hept-5 
ene-2-carboxylate, 4'-bicyclo[2.2.1]hept-5-en-2-yl 
trimethylsiloxybenzene, 3'-bicyclo [2 .2 . 1 ]hept-5-en-2 -yl 
trimethylsiloxybenzene and 4'-bicyclo[2.2.1]hept-5-en-2-yl 
triethylsiloxybenzene. The most preferred monomers 
generating Structure (I) are 4'-bicyclo[2.2.1]hept-5-en-2 
ylphenyl acetate, 3'-bicyclo[2.2.1]hept-5-en-2-ylphenyl 
acetate, 4'-tetracyclo [4 .4 .0. 1 2’5 . 1 7’1 O]dodecyl-8-ene-phenyl 
acetate and 4'-bicyclo[2.2.1]hept-5-en-2-yl-trimethylsiloxy 
benzene. 
The hydroxylic groups in the monomeric unit described by 

Structure (I) interfere With the polymerization process. In 
practice the monomer employed for the polymerization con 
tains a readily removable protecting group for the hydroxyl 
functionality. Examples of such protecting groups include, 
but are not limited to, acetoxy and trialkylsiloxy groups. 
Subsequent to the polymerization, the protecting groups are 
removed. 
The monomeric unit of Structure (I) includes an aryl group 

containing a hydroxyl group Which acts as a chromophore for 
absorbance at 193 nm and also provides increased etch selec 
tivity. The hydroxyl group provides an opportunity for 
crosslinking and also increases the polarity of the cycloole?n 
polymer for increased compatibility With common EBR sol 
vents. 

In one embodiment of Structure (I) W is a single bond 

Structure (Ia) 

R1 m R3 

(Hon 

Wherein R1, R2, R3, R4, Ar, X, Y, m, n, and o are de?ned as in 
Structure (I). Preferred values for R1, R2, R3 , R4, Ar, X,Y, m, 
n and o are also as de?ned in Structure (I). Illustrative 
examples of Structure (Ia) generating monomers include, but 
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are not limited to, 4'-bicyclo[2.2.1]hept-5-en-2-ylphenyl 
acetate, 3'-bicyclo[2.2.1]hept-5-en-2-ylphenyl acetate, 4'-bi 
cyclo [2 .2 . 1 ]hept-5 -en-2 -ylnaphthyl acetate, 4'-bicyclo 
[2.2.1]hept-5-en-2-yl-(2'-anthracenyl)acetate, 2'-bicyclo 
[2.2.1]hept-5-en-2-yl-(9'-anthracenyl)acetate, 4'-(3 - 
methylbicyclo[2 .2 . 1 ]hept-5 -en-2 -yl)phenyl acetate, 4'-(3 - 
chlorobicyclo[2.2.1]hept-5 -en-2-yl)phenyl acetate, 4'-(3 - 
methylbicyclo[2 .2 . 1 ]hept-5 -en-2-yl)-1',2'-phenylene 
diacetate, 4'-bicyclo[2.2.1]hept-5-en-2-yl-1',2'-phenylene 
diacetate, 4'-(3-chlorobicyclo [2 .2 . 1 ]hept-5-en-2 -yl)- 1 ',2' 
phenylene diacetate, 2'-methyl-5'-(3 -methylbicyclo [2 .2 . 1] 
hept-5 -en-2-yl)phenyl acetate, 2-chloro-5 -(3 -methylbicyclo 
[2.2.1]hept-5-en-2-yl)phenyl acetate, 4'-bicyclo [2 .2 . 1 ]hept 
5 -en-2 -ylbiphenyl-4 -yl acetate, 4'-tetracyclo[4.4.0.12’5.17’1O] 
dodecyl-8-ene-phenyl acetate and the like. 

In one embodiment of Structure (Ia) Ar is a phenyl group or 
derivative: 

Structure (Ia- l) 

mR3 

— (R4), 

Wherein R1, R2, R3 , R4, X, Y, and m are de?ned as in Structure 
(Ia); Preferred values for R1, R2, R3 , R4, X, Y, and m are also 
as de?ned in Structure (Ia). n is an integer from 1 to 3, o is an 
integer from 0 to 4 With the proviso that the sum of n and o is 
no greater than 5. A more preferred n is the integer 1 or 2 and 
a more preferred 0 an integer from 0 to 3. The most preferred 
n is 1 and the most preferred 0 is 0. Illustrative examples of 
Structure (Ia-1) generating monomers include, but are not 
limited to, 4'-bicyclo[2.2.1]hept-5-en-2-ylphenyl acetate, 
3'-bicyclo[2.2.1]hept-5-en-2-ylphenyl acetate, 4'-bicyclo 
[2.2.1]hept-5-en-2-yl-1',2'-phenylene diacetate, 4'-tetracyclo 
[4.4.0.12’5.17’lO]dodecyl-8-ene-phenyl acetate and the like. 

In another embodiment of Structure (Ia) Ar is a naphthyl 
group or derivative: 

Structure (Ia-2) 

R1 

(OPDH 

R2 [\ \é/ 
Wherein R1, R2, R3 , R4, X, Y, and m are de?ned as in Structure 
(Ia); Preferred values for R1, R2, R3, R4, X, Y, and m are also 
as de?ned in Structure (Ia). n is an integer from 1 to 5, o is an 
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integer from 0 to 6 With the proviso that the sum of n and o is 
no greater than 7. A more preferred n is an integer from 1 to 3 
and a more preferred 0 an integer from 0 to 3. The most 
preferred n is 1 and the most preferred 0 is 0. Illustrative 
examples of Structure (Ia-2) generating monomers include, 
but are not limited to, 4'-bicyclo[2.2.1]hept-5-en-2-yl(1' 
naphthyl acetate), 4'-bicyclo[2.2.1]hept-5-en-2-yl(2'-naph 
thyl acetate), 4'-tetracyclo[4.4.0.12’5.17’lO]dodecyl-8-ene 
(2'-naphthyl acetate), 4'-bicyclo [2 .2 . 1 ]hept-5-en-2 -yl 
trimethylsiloxy(2'-naphthylene) and the like. 

In another embodiment of Structure (Ia) Ar is a B-L-E 
group or derivative: 

Structure (Ia-3) 

(OPDH 

(114)‘, 

Wherein R1, R2, R3, R4, X,Y, andm are de?ned as in Structure 
(Ia) and B, L, and E are de?ned as in Structure (I); Preferred 
values for R1, R2, R3, R4, X, Y, and m are also as de?ned in 
Structure (Ia) and preferred values for B, L, and E as de?ned 
in Structure (I). n is an integer from 1 to 5, o is an integer from 
0 to 6 With the proviso that the sum of n and o is no greater than 
7. A more preferred n is an integer from 1 to 3 and a more 
preferred 0 an integer from 0 to 3. The most preferred n is 1 
and the most preferred 0 is 0. Illustrative examples of Struc 
ture (Ia-3) generating monomer include, but are not limited 
to, 4'-bicyclo[2.2.1]hept-5-en-2-ylbiphenyl-4-yl acetate, 
4-(acetyloxy)benZyl bicyclo [2 .2 . 1 ]hept-5-ene-2 -carboxy 
late, 4-(4-bicyclo[2.2.1]hept-5-en-2-ylbenZoyl)phenyl 
acetate, 4-bicyclo[2.2.1]hept-5-en-2-ylphenyl 4-(acetyloxy) 
benZoate, 4-(4 -bicyclo [2 .2 . 1 ]hept-5 -en-2 -ylbenZyl)phenyl 
acetate, 4-[1-(4-bicyclo[2.2.1]hept-5-en-2-ylphenyl)-2,2,2 
trichloro-1 -(trichloromethyl)ethyl]phenyl acetate, 4-[1-(4 
bicyclo [2 .2 . 1 ]hept-5 -en-2-ylphenyl)-2,2,2-tri?uoro-1-(trif 
luoromethyl)ethyl]phenyl acetate and the like. 

In another embodiment of Structure (I) W is an oxygen or 
sulfur atom: 

Structure (Ib) 
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wherein R1, R2, R3, R4, Ar, X, Y, m, n, and o are de?ned as in 
Structure (I). Preferred values for R1, R2, R3, R4, X, Y, m, n 
and o are also as de?ned in Structure (I). Illustrative examples 
of Structure (Ib) generating monomer include, but are not 
limited to, 4-(bicyclo [2 .2 . l ]hept-5 -en-2 -yloxy)phenyl 
acetate, 4-(bicyclo[2.2.l]hept-5-en-2-ylthio)phenyl acetate, 
4'-tetracyclo[4.4.0. l2’5 . l 7’lO]dodecyl-8-en-yloxy)phenyl 
acetate, 4'-tetracyclo[4.4.0. l2’5 . l 7’1O]dodecyl-8-en-ylthio) 
phenyl acetate, 4-[4-(bicyclo[2.2.l]hept-5-en-2-yloxy)ben 
Zyl]phenyl acetate, 4-[4-(bicyclo[2.2.l]hept-5-en-2-ylthio) 
benZyl]phenyl acetate, 4-(bicyclo[2.2.l]hept-5-en-2-yloxy 
l',2'-phenylene diacetate, 4-(bicyclo[2.2.l]hept-5-en-2 
ylthio)-l',2'-phenylene diacetate, 4-(bicyclo[2.2.l]hept-5 
en-2-yloxy)- l '-naphthyl acetate, 4-(bicyclo [2 .2 . l ]hept-5 -en 
2-ylthio)-l'-naphthyl acetate, 4-(bicyclo [2.2.1]hept-5-en-2 
yloxy)-2'-naphthyl acetate, 4-(bicyclo[2.2.l]hept-5-en-2 
ylthio)-2'-naphthyl acetate, 4'-tetracyclo[4.4.0.l2’5 .l7’lo] 
dodecyl-8-en-yloxy)phenyl acetate, 4'-tetracyclo 
[4.4.0. 12’5 . l 7’1O]dodecyl-8-en-ylthio)phenyl acetate, 4'-tetra 
cyclo [4 .4 .0. l 2’5. l7’l 0] dodecyl-8-en-yloxy)- l '-naphthyl 
acetate, 4'-tetracyclo[4.4.0. l 2’5 . l7’lO]dodecyl-8-en-ylthio) 
l'-naphthyl acetate, 4-[4-(bicyclo[2.2.l]hept-5-en-2-yloxy) 
phenoxy]phenyl acetate, 4-[4-(bicyclo[2.2.l]hept-5-en-2 
yloxy)benZoyl]phenyl acetate and the like. 

In one embodiment of Structure (lb) Ar is a phenyl group or 
derivative: 

Structure (lb-1) 

R1 m R3 

/ 

Wherein W, R1, R2, R3, R4, X, Y, and m are de?ned as in 
Structure (Ib). Preferred values for, R1, R2, R3, R4, X, Y, and 
m are also as de?ned in Structure (lb). n is an integer from 1 
to 3, o is an integer from 0 to 4 With the proviso that the sum 
of n and o is no greater than 5 . Amore preferred n is the integer 
l or 2 and a more preferred an integer from 0 to 3. The most 
preferred n is l and the most preferred 0 is 0. Illustrative 
examples of Structure (Ib-l) generating monomers include, 
but are not limited to, 4-(bicyclo[2.2.l]hept-5-en-2-yloxy) 
phenyl acetate, 4-(bicyclo[2.2.l]hept-5-en-2-ylthio)phenyl 
acetate, 4'-tetracyclo[4.4.0.l2’5.l7’1O]dodecyl-8-en-yloxy) 
phenyl acetate, 4'-tetracyclo[4.4.0.l2’5.l7’lO]dodecyl-8-en 
ylthio)phenyl acetate, 4-(bicyclo[2.2. l]hept-5-en-2-yloxy-l', 
2'-phenylene diacetate, 4-(bicyclo[2.2.l]hept-5-en-2-ylthio) 
l',2'-phenylene diacetate, 4'-tetracyclo[4.4.0.l2’5.l7’1O] 
dodecyl-8-en-yloxy)phenyl acetate, 4'-tetracyclo 
[4.4.0.l2’5.l7’1O]dodecyl-8-en-ylthio)phenyl acetate and the 
like. 

In another embodiment of Structure (Ib) Ar is a naphthyl 
group or derivative: 
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Structure (lb-2) 

R1 m R3 

R2 W 
\/ \ 
/ —(R4)0 

(no): \ / 

Wherein W, R1, R2, R3, R4, X, Y, and m are de?ned as in 
Structure (Ib). Preferred values for R1, R2, R3 , R4, X,Y, and m 
are also as de?ned in Structure (Ib). n is an integer from 1 to 
5, o is an integer from 0 to 6 With the proviso that the sum of 
n and o is no greater than 7. A more preferred n is an integer 
from 1 to 3 and a more preferred 0 an integer from 0 to 3. The 
mo st preferred n is l and the mo st preferred 0 is 0. Illustrative 
examples of Structure (Ib-2) generating monomers include, 
but are not limited to, 4-(bicyclo[2.2.l]hept-5-en-2-yloxy) 
l'-naphthyl acetate, 4-(bicyclo[2.2.l]hept-5-en-2-ylthio)-l' 
naphthyl acetate, 4-(bicyclo[2.2.l]hept-5-en-2-yloxy)-2' 
naphthyl acetate, 4-(bicyclo[2.2.l]hept-5-en-2-ylthio)-2' 
naphthyl acetate, 4'-tetracyclo [4 .4 .0. l 2’5. l7’l 0] dodecyl-8-en 
yloxy)-l'-naphthyl acetate, 4'-tetracyclo[4.4.0. l2’5 .l7’lo] 
dodecyl-8-en-ylthio)-l'-naphthyl acetate and the like. 

In another embodiment of Structure (Ib) Ar is a B-L-E 
group or derivative: 

Structure (lb-3) 

Wherein W, R1, R2, R3, R4, X, Y, and m are de?ned as in 
Structure (Ib) and values for B, L, and E as de?ned in Struc 
ture (1). Preferred values for W, R1, R2, R3 , R4, X,Y, and m are 
also as de?ned in Structure (Ib) and preferred values for B, L, 
and E as de?ned in Structure (1). n is an integer from 1 to 5, 
o is an integer from 0 to 6 With the proviso that the sum of n 
and o is no greater than 7. A more preferred n is an integer 
from 1 to 3 and a more preferred 0 an integer from 0 to 3. The 
mo st preferred n is l and the mo st preferred 0 is 0. Illustrative 
examples of Structure (Ic-3) generating monomer include, 
but are not limited to, 4-[4-(bicyclo[2.2.l]hept-5-en-2-yloxy) 
benZyl]phenyl acetate, 4-[4-(bicyclo[2.2.l]hept-5-en-2 
ylthio)benZyl]phenyl acetate, 4-[4-(bicyclo [2.2.1]hept-5-en 
2-yloxy)phenoxy]phenyl acetate, 4-[4-(bicyclo[2.2.l]hept 
5-en-2-yloxy)benZoyl]phenyl acetate, 4-[4-(bicyclo[2.2.l] 
hept-5-en-2-ylthio)phenoxy]phenyl acetate, 4-[4-(bicyclo 
[2.2. l]hept-5-en-2-ylthio)benZoyl]phenyl acetate and the 
like. 
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In another embodiment of Structure (I) W is a hydrocarbon 
group, such as C l-C 1O alkylene, C6-Cl2 cycloalkylene or ali 
cyclic residue: 

Structure (Ic) 

Wherein R1, R2, R3, R4, Ar, X, Y, m, n, and o are de?ned as in 
Structure (I). Preferred values for R1, R2, R3 , R4, Ar, X,Y, m, 
n, and o are also de?ned as in Structure (I). Illustrative 
examples of Structure (Ic) generating monomer include, but 
are not limited to, 4-(bicyclo[2.2.l]hept-5-en-2-ylmethyl) 
phenyl acetate, 4-(4-bicyclo[2.2.l]hept-5-en-2-ylcyclo 
hexyl)phenyl acetate, 4'-tetracyclo[4.4.0.l2’5 .l7’lo]dodecyl 
8-en-ylmethyl)phenyl acetate, 4'-tetracyclo[4.4.0.l2’5.l7’1O] 
dodecyl-8-en-ylcyclohexyl)phenyl acetate, 4'-(bicyclo 
[2.2. l]hept-5-en-2-ylmethyl)- l ',2'-phenylene diacetate, 
4-(4-bicyclo[2.2.1]hept-5-en-2-ylcyclohexyl)-1',2'-phe 
nylene diacetate, 4-(bicyclo[2.2. l]hept-5-en-2-ylmethyl)-l' 
naphthyl acetate, 4-(4-bicyclo[2.2.l]hept-5-en-2-ylcyclo 
hexyl)-l'-naphthyl acetate, 4-(bicyclo[2.2.l]hept-5-en-2 
ylmethyl)-2'-naphthyl acetate, 4-(4-bicyclo [2.2.1]hept-5-en 
2-ylcyclohexyl)-2'-naphthyl acetate, 4'-(bicyclo[2.2.l]hept 
5-en-2-ylmethyl)biphenyl-4-yl acetate, 4-[4-(bicyclo[2.2.l] 
hept-5-en-2-ylmethyl)benZyl]phenyl acetate, 4-[4-(bicyclo 
[2.2.l]hept-5-en-2-ylmethyl)benZoyl]phenyl acetate, 4-[4 
(bicyclo [2.2. l]hept-5 -en-2-ylcyclohexy)benZyl]phenyl 
acetate, 4-[4-(bicyclo [2 .2 . l ]hept-5-en-2 -ylcyclohexy)ben 
Zoyl]phenyl acetate, 4'-(bicyclo[2.2.l]hept-5-en-2-ylcyclo 
hexy)biphenyl-4-yl acetate, 4'-tetracyclo[4.4.0.l2’5.l7’1O] 
dodecyl-8-en-ylmethyl)-l'-naphthyl acetate, 4'-tetracyclo 
[4.4.0. 125.17’lO]dodecyl-8-en-ylcyclohexyl)-l'-naphthyl 
acetate and the like. 

In one embodiment of Structure (Ic) Ar is a phenyl group or 
derivative: 

Structure (Ic- l) 

/ 
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Wherein W, R1, R2, R3, R4, X, Y, and m are de?ned as in 
Structure (Ic). Preferred values for, R1, R2, R3, R4, X, Y, and 
m are also as de?ned in Structure (Ic). n is an integer from 1 
to 3, o is an integer from 0 to 4 With the proviso that the sum 
of n and o is no greater than 5.A more preferredn is the integer 
l or 2 and a more preferred an integer from 0 to 3. The most 
preferred n is l and the most preferred 0 is 0. Illustrative 
examples of Structure (Ic-l) generating monomers include, 
but are not limited to, 4-(bicyclo[2.2.l]hept-5-en-2-ylm 
ethyl)phenyl acetate, 4-(4-bicyclo[2.2.l]hept-5-en-2-ylcy 
clohexyl)phenyl acetate, 4'-tetracyclo[4.4.0.l2’5 .l7’lo] 
dodecyl-8-en-ylmethyl)phenyl acetate, 4'-tetracyclo 
[4.4.0. 12’5 . l 7’lO]dodecyl-8-en-ylcyclohexyl)phenyl acetate, 
4-(bicyclo [2.2. l]hept-5 -en-2-ylmethyl)- l ',2'-phenylene 
diacetate, 4-(4-bicyclo[2.2.l]hept-5-en-2-ylcyclohexyl)-l', 
2'-phenylene diacetate and the like. 

In another embodiment of Structure (Ic) Ar is a naphthyl 
group or derivative: 

Structure (Io-2) 

Wherein W, R1, R2, R3, R4, X, Y, and m are de?ned as in 
Structure (Ic). Preferred values for, R1, R2, R3, R4, X, Y, and 
m are also as de?ned in Structure (Ic). n is an integer from 1 
to 5, o is an integer from 0 to 6 With the proviso that the sum 
of n and o is no greater than 7. A more preferred n is an integer 
from 1 to 3 and a more preferred 0 an integer from 0 to 3. The 
mo st preferred n is l and the mo st preferred 0 is 0. Illustrative 
examples of Structure (Ic-2) generating monomers include, 
but are not limited to, 4-(bicyclo [2.2.1]hept-5-en-2-ylm 
ethyl)-l'-naphthyl acetate, 4-(4-bicyclo[2.2.l]hept-5-en-2 
ylcyclohexyl)- l '-naphthyl acetate, 4-(bicyclo[2 .2 . l ]hept-5 - 
en-2-ylmethyl)-2'-naphthyl acetate, 4-(4-bicyclo[2.2.l]hept 
5-en-2-ylcyclohexyl)-2'-naphthyl acetate, 4'-tetracyclo 
[4.4.0. l2’5.l7’1O]dodecyl-8-en-ylmethyl)-l'-naphthyl acetate, 
4'-tetracyclo[4.4.0.125.17’1O]dodecyl-8-en-ylcyclohexyl)-l' 
naphthyl acetate and the like. 

In another embodiment of Structure (Ic) Ar is a B-L-E 
group or derivative: 

Structure (Io-3) 
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wherein W, R1, R2, R3, R4, X, Y, and m are de?ned as in 
Structure (Ic) and values for B, L, and E as de?ned in Struc 
ture (I). Preferred values for R1, R2, R3, R4, X, Y, and m are 
also as de?ned in Structure (Ic) and preferred values for B, L, 
and E as de?ned in Structure (I). n is an integer form 1 to 5, o 
is an integer from 0 to 6 With the proviso that the sum of n and 
o is no greater than 7. A more preferred n is an integer from 1 
to 3 and a more preferred 0 an integer from 0 to 3. The most 
preferred n is 1 and the most preferred 0 is 0. Illustrative 
examples of Structure (Ic-3) generating monomer include, 
but are not limited to, 4'-(bicyclo[2.2.1]hept-5-en-2-ylm 
ethyl)biphenyl-4-yl acetate, 4-[4-(bicyclo[2.2.1]hept-5-en 
2-ylmethyl)benZyl]phenyl acetate, 4-[4-(bicyclo[2.2.1]hept 
5-en-2-ylmethyl)benZoyl]phenyl acetate, 4-[4-(bicyclo 
[2.2.1]hept-5-en-2-ylcyclohexy)benZyl]phenyl acetate, 4-[4 
(bicyclo[2.2.1]hept-5 -en-2-ylcyclohexy)benZoyl]phenyl 
acetate, 4'-(bicyclo [2 .2 . 1 ]hept-5 -en-2 -ylcyclohexy)biphe 
nyl-4-yl acetate and the like. 

In another embodiment of Structure (I) W is a polar group 
selected from the group consisting of i(CH2)POi, 
*(CH2)PO(CH2).,< *(CHQMRSQW (CH2),.C(:0) 
Oi, i(CH2)PC(:O)O(CH2)qi, i(CH2)PC(:O)O 
(R5O)r-, i(CH2)POC(:O)O(CH2)Pi and i(CH2)PNR6C 
(:O)*Z 

Structure (Id) 

R1 m R3 

R2 

n 

Wherein R1, R2, R3, R4, R5, R6, Ar, X,Y, m, n, o, p, q and r are 
de?ned as in Structure (I). Preferred values for R1, R2, R1, R4, 
R5 , R6, Ar, X,Y, m, n, and o are also as de?ned in Structure (I). 
Illustrative examples of Structure (Id) generating monomers 
include, but are not limited to, 4-(acetyloxy)benZyl bicyclo 
[2.2.1]hept-5-ene-2-carboxylate, 4-{[(bicyclo[2.2.1]hept-5 
en-2-ylcarbonyl)oxy]amino}phenyl acetate, 4-[(bicyclo 
[2.2.1]hept-5-en-2-yloxy)methyl]phenyl acetate, 4-(bicyclo 
[2.2.1]hept-5-en-2-ylmethoxy)phenyl acetate, 4-[2-(bicyclo 
[2.2.1]hept-5-en-2-ylmethoxy)ethoxy]phenyl acetate, 4-[2 
(bicyclo[2.2.1]hept-5 -en-2-yloxy)ethoxy]phenyl acetate, 
4-[4-(acetyloxy)phenoxy]benZyl bicyclo[2.2.1]hept-5-ene 
2-carboxylate, 4-(4-hydroxybenZyl)benZyl bicyclo[2.2.1] 
hept-5 -ene-2-carboxylate, 4- [1 -(4 -hydroxyphenyl)- 1 -meth 
ylethyl]benZyl bicyclo[2.2.1]hept-5-ene-2-carboxylate, 
4-[1-(4-hydroxyphenyl)-2,2,2-tri?uoro-1-(tri?uoromethyl) 
ethyl]benZyl bicyclo[2.2.1]hept-5-ene-2-carboxylate, 4-(4 
hydroxybenZoyl)benZyl bicyclo [2 .2 . 1 ]hept-5 -ene-2-car 
boxylate, 4-(acetyloxy)(1'-naphthyl) bicyclo[2.2.1]hept-5 
ene-2-carboxylate, 4-{ [(bicyclo[2.2.1]hept-5-en-2 
ylcarbonyl)oxy]amino}(1'-naphthyl acetate), 4-[(bicyclo 
[2.2. 1]hept-5-en-2-yloxy)methyl] (1 '-naphthyl acetate), 
4-(bicyclo[2.2.1]hept-5 -en-2-ylmethoxy)(1'-naphthyl 
acetate), 4-[2-(bicyclo[2.2.1]hept-5-en-2-ylmethoxy) 
ethoxy](1'-naphthyl acetate), 4-[2-(bicyclo[2.2.1]hept-5-en 
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2-yloxy)ethoxy](1'-naphthyl acetate), 4-{ [(bicyclo[2 .2 . 1] 
hept-5 -en-2-ylcarbonyl)oxy]amino}-1',2'-phenylene 
diacetate, 4-[(bicyclo[2.2.1]hept-5 -en-2-yloxy)methyl]-1', 
2'-phenylene diacetate, 4-(bicyclo [2 .2 . 1 ]hept-5-en-2 -yl 
methoxy)-1',2'-phenylene diacetate, 4- [2-(bicyclo[2 .2 . 1] 
hept-5 -en-2-ylmethoxy)ethoxy]-1',2'-phenylene diacetate, 
4-[2-(bicyclo [2 .2 . 1 ]hept-5 -en-2-yloxy)ethoxy]-1',2'-phe 
nylene diacetate, 4-(acetyloxy)benzyl 4'-tetracyclo 
[4.4.0.12’5.17’1O]dodecyl-8-en-carboxylate, 4'-{ [(tetracyclo 
[4.4.0.12’5.17’1O]dodecyl-8-en-ylcarbonyl)oxy] 
amino}phenyl acetate, 4'- [(tetracyclo [4 .4 .0. 1 2’5 . 1 7’1 O]dode 
cyl-8-en-yloxy)methyl]phenyl acetate, 4'-tetracyclo 
[4.4.0.12’5.17’1O]dodecyl-8-en-ylmethoxy)phenyl acetate, 
4-[4'-tetracyclo[4.4.0.12’5.17’l 0] dodecyl-8-en-ylmethoxy) 
ethoxy]phenyl acetate, 4"-[4'-tetracyclo[4.4.0.12’5.17’lO] 
dodecyl-8-en-yloxy)ethoxy]phenyl acetate, 4'- [4-(acety 
loxy)phenoxy]benZyl tetracyclo[4.4.0.12’5.17’l 0] dodecyl-8 
en-2-carboxylate, 4'-(4 -hydroxybenZyl)benZyl tetracyclo 
[4.4.0.12’5.17’1O]dodecyl-8-en-carboxylate, 4" -[ 1 -(4' 
hydroxyphenyl)- 1 -methyl ethyl] benZyl tetracyclo 
[4.4.0.12’5.17’1O]dodecyl-8-en-carboxylate and the like. 

In one embodiment of Structure (Id) Ar is a phenyl group or 
derivative: 

Structure (Id- 1) 

R1 m R3 

R2 W 

\ 
— (R41, 

/ 

Wherein W, R1, R2, R3, R4, X, Y, and m are de?ned as in 
Structure (Id). Preferred values for R1, R2, R3 , R4, X,Y, and m 
are also as de?ned in Structure (Id). n is an integer from 1 to 
3, o is an integer from 0 to 4 With the proviso that the sum of 
n and o is no greater than 5. A more preferred n is the integer 
1 or 2 and a more preferred an integer from 0 to 3. The most 
preferred n is 1 and the most preferred 0 is 0. Illustrative 
examples of Structure (Id-1) generating monomers include, 
but are not limited to, 4-(acetyloxy)benZyl bicyclo[2.2.1] 
hept-5-ene-2-carboxylate, 4-{[(bicyclo[2.2.1]hept-5-en-2 
ylcarbonyl)oxy]amino}phenyl acetate, 4-[(bicyclo[2.2.1] 
hept-5-en-2-yloxy)methyl]phenyl acetate, 4-(bicyclo[2.2.1] 
hept-5-en-2-ylmethoxy)phenyl acetate, 4-[2-(bicyclo[2.2.1] 
hept-5 -en-2-ylmethoxy)ethoxy]phenyl acetate, 4- [2-(bicyclo 
[2 .2. 1]hept-5-en-2-yloxy)ethoxy]phenyl acetate, 4-{ 
[(bicyclo[2.2.1]hept-5-en-2-ylcarbonyl)oxy]amino}-1',2' 
phenylene diacetate, 4-[(bicyclo[2.2.1]hept-5-en-2-yloxy) 
methyl]-1',2'-phenylene diacetate, 4-(bicyclo[2.2.1]hept-5 
en-2-ylmethoxy)-1',2'-phenylene diacetate, 4-[2-(bicyclo 
[2 .2. 1]hept-5-en-2-ylmethoxy)ethoxy] - 1 ',2'-phenylene 
diacetate, 4-[2-(bicyclo[2.2.1]hept-5-en-2-yloxy)ethoxy]-1', 
2'-phenylene diacetate, 4-(acetyloxy)benZyl 4'-tetracyclo 
[4.4.0.12’5.17’1O]dodecyl-8-en-carboxylate, 4'-{[(tetracyclo 
[4.4.0.12’5.17’1O]dodecyl-8-en-ylcarbonyl)oxy] 
amino}phenyl acetate, 4'-[(tetracyclo[4.4.0.12’5.17’lO] 
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dodecyl-8-en-yloxy)methyl]phenyl acetate, 4'-tetracyclo 
[4.4.0. 12’5 . l 7’1O]dodecyl-8-en-ylmethoxy)phenyl acetate, 4" 
[4'-tetracyclo[4 .4 .0. l 2’5. l7’l 0] dodecyl-8-en-ylmethoxy) 
ethoxy]phenyl acetate, 4"-[4'-tetracyclo[4.4.0.l2’5 .l7’lo] 
dodecyl-8-en-yloxy)ethoxy]phenyl acetate and the like. 

In another embodiment of Structure (Id) Ar is a naphthyl 
group or derivative: 

Structure (Id-2) 

Wherein W, R1, R2, R3, R4, X, Y, and m are de?ned as in 
Structure (Id). Preferred values for R1, R2, R3, R4, X,Y, and m 
are also as de?ned in Structure (Id). n is an integer from 1 to 
5, o is an integer from 0 to 6 With the proviso that the sum of 
n and o is no greater than 7. A more preferred n is an integer 
from 1 to 3 and a more preferred 0 an integer from 0 to 3. The 
mo st preferred n is l and the mo st preferred 0 is 0. Illustrative 
examples of Structure (Id-2) generating monomers include, 
but are not limited to, 4-(acetyloxy)(l -naphthyl) bicyclo 
[2.2.l]hept-5-ene-2-carboxylate, 4-{[(bicyclo[2.2.l]hept-5 
en-2-ylcarbonyl)oxy]amino}(l-naphthyl acetate), 4-[(bicy 
clo [2 .2 . l ]hept-5 -en-2 -yloxy)methyl] (l -naphthyl acetate), 
4-(bicyclo[2.2 . l ]hept-5 -en-2-ylmethoxy)(l -naphthyl 
acetate), 4-[2-(bicyclo [2.2. l]hept-5-en-2-ylmethoxy) 
ethoxy](l -naphthyl acetate), 4-[2-(bicyclo [2.2.1]hept-5-en 
2-yloxy)ethoxy](l-naphthyl acetate) and the like. 

In another embodiment of Structure (Id) Ar is a B-L-E 
group as de?ned in Structure (I) or derivative: 

Structure (Id-3) 

(R4)0 (OPDH 

Wherein W, R1, R2, R3 , R4, X, Y, and m are de?ned as in 
Structure (Id) and values for B, L, and E as de?ned in Struc 
ture (I). Preferred values for R1, R2, R3, R4, X, Y, and m are 
also as de?ned in Structure (Id) and preferred values for B, L, 
and E as de?ned in Structure (I). n is an integer from 1 to 5, o 
is an integer from 0 to 6 With the proviso that the sum of n and 
o is no greater than 7. A more preferred n is an integer from 1 
to 3 and a more preferred 0 an integer from 0 to 3. The most 
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24 
preferred n is l and the most preferred 0 is 0. Illustrative 
examples of Structure (Id-3) generating monomer include, 
but are not limited to 4-[ l -(4 -hydroXyphenyl)-l -methylethyl] 
benZyl bicyclo[2.2.l]hept-5-ene-2-carboXylate, 4-[l-(4-hy 
droxyphenyl)-2,2,2-tri?uoro- l -(tri?uoromethyl)ethyl]ben 
Zyl bicyclo[2.2.l]hept-5-ene-2-carboxylate, 4-(4 
hydroXybenZoyl)benZyl bicyclo [2 .2 . l ]hept-5 -ene-2 
carboxylate, 4-[ l -(4-hydroXyphenyl)-l -methylethyl]benZyl 
tetracyclo[4.4.0. l2’5 . l 7’1O]dodecyl-8-ene-2-carboxylate, 
4-[ l -(4 -hydroxyphenyl) -2,2,2-tri?uoro- l -(tri?uoromethyl) 
ethyl]benZyl tetracyclo[4.4.0. l 2’5 . l7’lO]dodecyl-8-ene-2-car 
boxylate, 4-(4-hydroXybenZoyl) tetracyclo[4.4.0. l2’5 .l7’lo] 
dodecyl-8-ene-2-carboxylate and the like. 
The cycloole?n polymer of the present disclosure further 

comprises another cycloole?n repeating unit represented by 
Structure (II) 

Structure (II) 

subject to the proviso that Structure (II) does not contain an 
acid sensitive group, Wherein R11, R12, R13 and R14 indepen 
dently represent a hydrogen atom, a C l-C 10 linear, branched 
or cyclic alkyl group, a Cl-Cl0 partially or completely halo 
genated linear, branched or cyclic alkyl group, a halogen atom 
or a polar group selected from the group consisting of 
40R“, iRmORls, and i(CH2)tOC(O)R17 With the pro 
viso that at least one of R11 to R14 is a polar group selected 
from the group consisting of 40R“, iRmORls, and 
i(CH2)tOC(O)Rl7. R15 is a hydrogen atom or a linear, 
branched or cyclic Cl-C6 alkyl group, R16 is a substituted or 
unsubstituted C l-C6 linear, branched or cyclic alkylene group 
or C 1 -C6 partially or completely halogenated linear, branched 
or cyclic alkylene group, R17 is a hydrogen atom, a linear, 
branched or cyclic Cl-C6 alkyl group, or a C7-Cl5 alicyclic 
group; t is an integer from 0 to about 4; s is an integer from 0 
to about 3 and X andY have the same meaning as de?ned in 
Structure (1). 

Preferred R11, R12, R13 and R14 groups include hydrogen 
atoms, Cl-C6 linear, branched or cyclic alkyl groups, Cl-C6 
partially or completely halogenated linear, branched or cyclic 
alkyl groups or halogen atoms With the proviso that at least 
one of R11 to R14 is a polar group as described above wherein 
R15 is a hydrogen atom or a linear, branched or cyclic C l-C6 
alkyl group, R16 is a substituted or unsubstituted C l-C4 linear, 
branched or cyclic alkylene group or a Cl-C4 partially or 
completely halogenated linear, branched or cyclic alkylene 
group, R17 is a hydrogen atom, a linear, branched or cyclic 
Cl-C3 alkyl group, or a C7-Cl5 alicyclic group and t is an 
integer from 0 to about 3. 
More preferred R1 1, R12, R13 and R14 groups are indepen 

dently hydrogen atoms, Cl-C2 alkyl or halogenated alkyl 
groups or halogen atoms With the proviso that at least one of 
R11 to R14 is a polar group as described above wherein R15 is 
a hydrogen atom or a methyl or ethyl group, R16 is a substi 
tuted or unsubstituted Cl-C4 linear, branched or cyclic alky 
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lene group, R17 is a hydrogen atom, or a linear, branched or 
cyclic C l-C3 alkyl group and t is an integer from 0 to about 2; 

Most preferred R11, R12, R13 and R14 groups are hydrogen 
atoms or methyl groups With the proviso that at least one of 
R1 1 to R14 is a polar group as described above wherein R15 is 
a hydrogen atom, R1 6 is a methylene or ethylene group, R17 is 
a methyl group, and t is 0 or 1. 

Suitable examples of R15 groups include, but are not lim 
ited to, hydrogen, methyl, ethyl, propyl, butyl, hexyl, cyclo 
propyl, cyclobutyl, cyclopentyl, cyclohexyl and the like. Suit 
able examples of R16 groups include, but are not limited to, 
ethylene, propylene, hexylene, cyclohexylene, tetra?uoroet 
hylene and the like. Preferred examples of R16 are methylene, 
ethylene, isopropylene, and tetra?uoroethylene. Suitable 
examples of R17 include, but are not limited to, hydrogen, 
methyl, ethyl, propyl, butyl, hexyl, cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, (bicyclo[2.2.l]hept-2 
yl, (bicyclo[2.2.l]hept-2-methyl, cis-bicyclo[3.3.0]oct-2-yl 
or octahydropentyl, l-adamantyl, 3-methyl-l-adamantyl, 
3,5-dimethyl- l -adamantyl, l-adamantylmethyl, 3-methyl-l - 
adamantylmethyl, tricyclo[3.3. l .03’7]non-3 -yl and like. 

Suitable examples ofRl 1, R12, R13 and R14 include, but are 
not limited to, hydrogen, methyl, ethyl, propyl, isopropyl, 
butyl, hexyl, 2-methylbutyl, nonyl, cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, tri?uoromethyl, pen 
ta?uoroethyl, ?uoro, chloro, hydroxyl, methoxy, ethoxy, 
cyclohexyloxy, hydroxymethyl, hydroxyethyl, methoxym 
ethyl, methoxyethyl, ethoxyethyl, ethoxymethyl, cyclohexy 
loxymethyl, methoxycyclohexyl, iCH2C(:O)CH3, 
iCH2C(:O)H, 4CH2CH2C(:O)CH3, 4CH2C(:O) 
cyclohexyl, iOC(:O)H, iOC(:O)CH3, 4OC(:O) 
C2H5, %H2C(:O)C2H5 bicyclo[2.2.l]hept-2-ylcarboxy 
late, bicyclo[2.2.l]hept-2-acetate, cis-bicyclo[3.3.0]oct-2 
ylcarboxylate or octahydropentalene-l -carboxylate, 
l -adamantanecarboxylate, 3 -methyl- 1 -adamantanecarboxy 
late, 3,5-dimethyl-l-adamantanecarboxylate, l-adamanty 
lacetate, 3-methyl-l-adamantylacetate, tricyclo[3.3.l.03’7] 
nonane-3-carboxylate, methyl(bicyclo [2 .2 . l ]hept-2 
ylcarboxylate, methyl(bicyclo[2.2 . l ]hept-2 -acetate, 
methylcis-bicyclo[3.3.0]oct-2-ylcarboxylate or methyloc 
tahydropentalene-l -carboxylate, methyl-l -adamantanecar 
boxylate, methyl-3 -methyl- 1 -adamantanecarboxylate, 
methyl-3 ,5 -dimethyl- l -adamantanecarboxylate, methyl-l - 
adamantylacetate, methyl-3 -methyl -1 -adamantylacetate, 
methyltricyclo [3 .3 .l .03 ’7]nonane-3 -carboxylate and like. 
The preferred polar group is a hydroxyl or a hydroxyl con 
taining group. 

Illustrative examples of Structure (II) generating mono 
mers include bicyclo[2.2.l]hept-5-en-2-ol, bicyclo[2.2.l] 
hept-5-en-2-yl acetate, bicyclo[2.2.l]hept-5-en-2-ylmetha 
nol, bicyclo[2.2.l]hept-5-en-2-yl methyl acetate, bicyclo 
[2.2.l]hept-5-en-2-yl ethanol, bicyclo[2.2.l]hept-5-ene-2,3 
diyl diacetate, bicyclo[2.2.l]hept-5-ene-2,3-diol, bicyclo 
[2.2.l]hept-5-ene-2,3-diyldimethanol, bicyclo[2.2.l]hept-5 
en-2-yl ethyl acetate, bicyclo[2.2 . l ]hept-5 -en-2,3 -diyl 
methyl acetate, 3 -chlorobicyclo[2 .2 . l ]hept-5 -en-2 -yl 
acetate, 3 -methylbicyclo [2 .2 . l ]hept-5 -en-2 -yl acetate, 
(3 -methylbicyclo [2.2. l]hept-5-en-2-yl)methyl acetate, 
(3-chlorobicyclo [2 .2. l]hept-5-en-2-yl)methyl acetate, 
(trichloromethyl)bicyclo[2.2. l ]hept-5 -en-2-yl]methyl 
acetate, [3 -(tri?uoromethyl)bicyclo [2.2. l]hept-5-en-2-yl] 
methyl acetate, 5 -(methoxymethyl)bicyclo[2.2 . l ]hept-2-ene, 
tetracyclo[4.4.0. 125.17’1°]dodec-8-ene-3-yl-acetate, tetracy 
clo [4 .4 .0. l 2’5 . l 7’1 O]dodec-8-ene-3 -ylmethanol, tetracyclo 
[4.4.0. 12’5 . l 7’1O]dodec-8-ene-3-ylethanol, tetracyclo 
[4.4.0. 12’5 . l 7’1O]dodec-8-ene-3-ol, bicyclo [2 .2 . l ]hept-5 -en 
2-yl bicyclo [2 .2 . l ]heptane-2 -carboxylate, bicyclo [2 .2 . l] 
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hept-5 -en-2-ylmethyl bicyclo [2 .2 . l ]heptane-2 -carboxylate, 
bicyclo[2.2.l]hept-5-en-2-yl bicyclo[2.2. l]hept-2-ylacetate, 
bicyclo[2.2.l]hept-5-en-2-ylmethyl bicyclo[2.2.l]hept-2 
ylacetate, bicyclo[2.2. l]hept-5-en-2-yl l-adamantylacetate, 
bicyclo[2.2.l]hept-5-en-2-yl adamantane-l -carboxylate, 
bicyclo [2 .2 . l ]hept-5 -en-2 -ylmethyl l-adamantylacetate, 
bicyclo [2 .2 . l ]hept-5 -en-2 -ylmethyl adamantane-l -carboxy 
late and like. Additional monomers generating Structure II 
can be found in later paragraphs discussing subgeneric Struc 
tures IIa, IIb, and IIc . A functional group on the monomer unit 
(i.e. K”) may be partially or completely removed after poly 
meriZation to improve polarity or assist in cross-linking for 
further densi?cation of ?lm. 
The preferred monomers generating Structure (II) are bicy 

clo[2.2.l]hept-5-en-2-ol, bicyclo[2.2.l]hept-5-en-2-yl 
acetate, bicyclo[2.2.l]hept-5-en-2-ylmethanol, bicyclo 
[2.2.l]hept-5-en-2-ylmethylacetate, bicyclo[2.2.l]hept-5 
ene-2,3-diyldimethanol, bicyclo[2.2. l]hept-5-en-2,3-diyl 
methyl acetate, [3-(tri?uoromethyl)bicyclo[2.2.l]hept-5-en 
2-yl]methyl acetate, bicyclo[2.2.l]hept-5-en-2-yl adaman 
tane- l -carboxylate, tetracyclo [4 .4 .0. l 2’5. l7’l 0] dodec-8-ene 
3-yl-acetate, tetracyclo[4.4.0.l2’5. l7’1O]dodec-8-ene-3 

The more preferred monomers generating Structure (II) are 
bicyclo[2.2.l]hept-5-en-2-ol, bicyclo[2.2.l]hept-5-en-2-yl 
acetate, bicyclo[2.2.l]hept-5-en-2-ylmethanol, bicyclo 
[2.2. l]hept-5-en-2-yl methyl acetate, bicyclo[2.2.l]hept-5 
ene-2,3-diyldimethanol, tetracyclo[4.4.0. l2’5.l7’1O]dodec-8 
ene-3 -yl-acetate and tetracyclo [4 .4 .0. l 2’5. l7’l 0] dodec-8-ene 
3 -ol. 
The mo st preferred monomers generating Structure (II) are 

bicyclo[2.2.l]hept-5-en-2-ol, bicyclo[2.2.l]hept-5-en-2-yl 
acetate, bicyclo[2.2.l]hept-5-en-2-ylmethanol, bicyclo 
[2 .2. l]hept-5-en-2-yl methyl acetate, tetracyclo 
[4.4.0. 12’5 .l7’lO]dodec-8-ene-3-yl-acetate and tetracyclo 
[4.4.0. l2’5.l7’lO]dodec-8-ene-3-ol. 
The monomeric unit of Structure (II) increases the trans 

parency of the cycloole?n polymer While maintaining good 
plasma etch resistance. In addition the polar functional group 
included in this monomeric unit increases compatibility With 
common EBR solvents. Preferred polar groups further assist 
in the crosslinkability of the cycloole?n polymer. 

In one embodiment of Structure (II) X andY are methylene 
groups as illustrated in Structure (IIa): 

Structure (IIa) 

R12 R14 

Wherein R11, R12, R13, R14, and s are de?ned as in Structure 
(II). Preferred values for R11, R12, R13, R14, and s are also as 
de?ned in Structure (II). Illustrative examples of Structure 
(IIa) generating monomer include, but are not limited to, 
bicyclo[2.2.l]hept-5-en-2-yl acetate, bicyclo[2.2.l]hept-5 
en-2-ylmethanol, bicyclo[2 .2 . l ]hept-5 -en-2 -yl methyl 
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acetate, bicyclo[2.2. l]hept-5-en-2-yl ethanol, bicyclo[2.2.l] 
hept-5 -ene-2,3-diyl diacetate, bicyclo [2 .2. l]hept-5-ene-2,3 - 
diol, bicyclo[2.2 . l ]hept-5 -ene-2,3-diyldimethanol, [3 - 
(trichloromethyl)bicyclo[2.2. l ]hept-5 -en-2-yl]methyl 
acetate, [3 -(tri?uoromethyl)bicyclo [2.2. l]hept-5-en-2-yl] 
methyl acetate, 5 -(methoxymethyl)bicyclo[2.2 . l ]hept-2-ene, 
tetracyclo[4.4.0. 125.17’1°]dodec-8-ene-3-yl-acetate, tetracy 
clo [4 .4 .0. l 2’5 . l 7’1 O]dodec-8-ene-3 -ylmethanol, tetracyclo 
[4.4.0. 12’5 . l 7’1O]dodec-8-ene-3-ylethanol, tetracyclo 
[4.4.0. 12’5 . l 7’ 1O]dodec-8-ene-3-ol and like. 

In one embodiment of Structure (IIa) s is de?ned as 0: 

Structure (IIa- I) 

wherein R11, R12, R13, and R14, are de?ned as in Structure 
(IIa). Preferred values for R11, R12, R13 and R14 are also as 
de?ned in Structure (IIa). Illustrative examples of Structure 
(IIa-l) generating monomer include, but are not limited to, 
bicyclo[2.2.l]hept-5-en-2-ol, bicyclo[2.2.l]hept-5-en-2-yl 
acetate, bicyclo[2.2.l]hept-5-en-2-ylmethanol, bicyclo 
[2.2.1]hept-5-en-2-yl methyl acetate, bicyclo[2.2.l]hept-5 
en-2-yl ethanol, bicyclo[2.2.l]hept-5-ene-2,3-diyl diacetate, 
bicyclo[2.2.l]hept-5-ene-2,3-diol, bicyclo[2.2.l]hept-5-ene 
2,3-diyldimethanol, bicyclo[2.2.l]hept-5-en-2-yl ethyl 
acetate, bicyclo[2.2.l]hept-5-en-2,3-diyl methyl acetate, 
3-chlorobicyclo[2.2.l]hept-5-en-2-yl acetate, 3-methylbicy 
clo[2.2.l]hept-5-en-2-yl acetate, (3-methylbicyclo[2.2.l] 
hept-5-en-2-yl)methyl acetate, (3-chlorobicyclo [2.2.1]hept 
5-en-2-yl)methyl acetate, [3-(trichloromethyl)bicyclo [2.2.1] 
hept-5-en-2-yl]methyl acetate, [3-(tri?uoromethyl)bicyclo 
[2.2.l]hept-5-en-2-yl]methyl acetate, 5-(methoxymethyl) 
bicyclo[2.2.l]hept-2-ene and like. 

In another embodiment of Structure (IIa) s is de?ned as 1: 

Structure (Ila-2) 

R13 

Wherein R11, R12, R13, and R14, are de?ned as in Structure 
(IIa). Preferred values for R11, R12, R13 and R14 are also as 
de?ned in Structure (IIa). Illustrative examples of Structure 
(IIa-2) generating monomer include, but are not limited to, 
tetracyclo[4.4.0. l2’5 . l 7’lO]dodec-8-ene-3-yl-acetate, tetracy 
clo[4.4.0.l2’5.l7’1O]dodec-8-ene-3-ylmethanol, tetracyclo 
[4.4.0. 12’5 . l 7’1O]dodec-8-ene-3-ylethanol, tetracyclo 
[4.4.0.l2’5.l7’lO]dodec-8-ene-3-ol and like. 
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In yet another embodiment of Structure (IIa) s is de?ned as 

2: 

Structure (Ila-3) 

Wherein R11, R12, R13 and R14, are de?ned as in Structure 
(IIa). Preferred values for R11, R12, R13 and R14 are also as 
de?ned in Structure (IIa). Illustrative examples of Structure 
(Ia-3) generating monomer include, but are not limited to, 
hexacyclo[8,4,l ’5,l7’l4,l9’12,0l’6,08’l3]tetradeca-l0-ene-3 
ol, hexacyclo[8,4,l2’5,l7’l4,l9’l2,01’6,08’l3]tetradeca-l0-ene 
3-ylacetate, hexacyclo[8,4,l2’5,l7’l4,l9’l2,0l’6,08’l3]tet 
radeca-l0-ene-3-ylmethanol, hexacyclo[8,4,l2’5,l7’14,l9’l2, 
01’6,08’l3]tetradeca-l 0-ene-3 -ylethanol, l0-methylhexacyclo 
[8,4,l2’5,l7’14,l9’l2,01’6,08’l3]tetradeca-l0-ene-3-ylacetatel 
and the like. 

In another embodiment of Structure (II) X and Y are a 
sulfur atom as illustrated in Structure (IIb): 

Structure (IIb) 

R11 5 R13 

R12 R14 

Wherein R11, R12, R13, R14, and s are de?ned as in Structure 
(II). Preferred values for R11, R12, R13, R14, and s are also as 
de?ned in Structure (II). Illustrative examples of Structure 
(IIb) generating monomer include, but are not limited to, 
7-thiabicyclo [2 .2 . l ]hept-5 -en-2 -ylmethanol, 2-(7-thiabicy 
clo[2.2.l]hept-5-en-2-yl)ethanol, 7-thiabicyclo[2.2.l]hept 
5-en-2-ol and the like. 

In yet another embodiment of Structure (II) X andY are an 
oxygen atom as illustrated in Structure (IIc): 

Structure (IIc) 

R11 5 



US 7,727,705 B2 
29 

wherein R11, R12, R13, R14, and s are de?ned as in Structure 
(ll). Preferred values for R11, R12, R13, R14, and s are also as 
de?ned in Structure (ll). Illustrative examples of Structure 
(Hc) generating monomer include, but are not limited to, 
7-oXabicyclo[2.2.l]hept-5-en-2-ylmethanol, 2-(7-oXabicy 
clo[2.2.l]hept-5-en-2-yl)ethanol, 7-oXabicyclo[2.2.l]hept 
5-en-2-ol and the like 

Optionally, another property enhancing repeating unit of 
Structure (Ill) can be incorporated into the cycloole?n poly 
mer, providing further optimization of the cycloole?n poly 
mer properties: 

Structure (Ill) 

subject to the proviso that Structure (Ill) does not contain an 
acid sensitive group, Wherein R21, R22, R23 and R24 indepen 
dently represent a hydrogen atom, a C l-C 10 linear, branched 
or cyclic alkyl group, a Cl-Cl0 partially or completely halo 
genated linear, branched or cyclic alkyl group, a C6-C 1O aryl 
group Which does not contain a hydroXyl group, a halogen 
atom or a polar group selected from the group consisting of 

*(CHZ)VC(O)R2S, *<CHZ)VC(O)OR”, *(CHZWO) 
(OR26),€OR25 and 4O(R26O)XR2S; Wherein v is an integer 
from 0 to about 5; X is an integer from about 1 to about 5; R25 
represents a hydrogen atom, a substituted or unsubstituted 
Cl-C6 linear, branched or cyclic alkyl group or a Cl-C6 par 
tially or completely halogenated linear, branched or cyclic 
alkyl group; R26 is a substituted or unsubstituted C2-C6, lin 
ear, branched or cyclic alkylene group or a C2-C6 partially or 
completely halogenated linear, branched or cyclic alkylene 
group, u is an integer from 0 to about 3; and X andY have the 
same meaning as de?ned in Structure (1). 

Preferred R21, R22, R23 and R24 groups include hydrogen 
atoms, C 1 -C6 linear, branched or cyclic alkyl groups, haloge 
nated C l-C6 linear, branched or cyclic alkyl groups, halogen 
atoms or polar groups selected from the group consisting of 
*(CHZ)VC(O)R2S, *<CHZ)VC(O)OR”, *(CHZWO) 
(OR26)XOR2S; iO(R26O)xR25 . The preferred range for X is 
from about 1 to about 3. The preferred range for v is from 0 to 
about 3. 

More preferred R21, R22, R23 and R24 groups include 
hydrogen atoms, Cl-C2 linear, branched or cyclic alkyl 
groups, halogenated Cl-C2 linear, branched or cyclic alkyl 
groups, halogen atoms or polar groups selected from the 
group consisting of i(CH2)vC(O)R25, i(CH2)vC(O)OR25, 
i(CH2)vC(O)(OR26)xOR25; iO(R26O)xR25. A more pre 
ferred value for X is l. A more preferred v is 0 or 1. 

Most preferred R21, R22, R23 and R24 groups are indepen 
dently hydrogen atoms, methyl groups or polar groups 
selected from the group consisting of i(CH2)vC(O)OR25, 
i(CH2)vC(O)(OR26)xOR25 ; A)(R26O),€R25 . 

Suitable eXamples of R25 groups include, but are not lim 
ited to, hydrogen, methyl, ethyl, propyl, butyl, heXyl, cyclo 
propyl, cyclobutyl, cyclopentyl, cycloheXyl, and the like. 
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Preferably R25 is a hydrogen atom or C l-C4 linear, branched 
or cyclic alkyl group such as methyl or ethyl. More preferably 
R25 is a hydrogen atom. 

Suitable eXamples of R26 groups include, but are not lim 
ited to, ethylene, isopropylene, propylene, heXylene, cyclo 
heXylene, tera?uoroethylene and the like. Preferably R25 is a 
C2-C4 substituted or unsubstituted linear, branched or cyclic 
alkylene group such as ethylene and isopropylene. 

Suitable eXamples of R21, R22, R23 and R24 include, but are 
not limited to, hydrogen, methyl, ethyl, propyl, isopropyl, 
butyl, 2-methylbutyl, heXyl, nonyl, cyclopropyl, cyclobutyl, 
cyclopentyl, cycloheXyl, cycloheptyl, phenyl, naphthyl, 
%HO, iC(O)CH3, %H2C(O)H, CH2C(O)CH3, 
%OOH, %H2COOH, iCH2C(O)OCH2CH2OH, trif 
luoromethyl, penta?uoroethyl, oXyethanol, iO(CH2CH2)2 
OH, 4C(O)OCH2CH2OH, ?uoro-, bromo-, chloro-, and the 
like. The preferred eXamples of R21, R22, R23 and R24 are 
hydrogen atoms, methyl, heXyl, 4CHO, 4C(O)CH3, 
COOH, oXyethanol, 4C(O)OCH2CH2OH and iCH2C(O) 
OCH2CH2OH. 

Illustrative eXamples of Structure (Ill) generating mono 
mers include but are not limited to bicyclo[2.2. l]hept-2-ene, 
5-phenyl bicyclo[2.2.l]hept-2-ene, 5-(l-naphthyl) bicyclo 
[2.2.l]hept-2-ene, 3-methyl bicyclo[2.2.l]hept-2-ene, 
3-chloro bicyclo[2.2.l]hept-2-ene, bicyclo[2.2.l]hept-5 
ene-2-carboXylic acid, methyl bicyclo[2.2.l]hept-5-ene-2 
carboXylate, l-bicyclo[2.2.l]hept-5-en-2-ylethanone, 2-hy 
droXyethyl bicyclo [2 .2 . l ]hept-5-ene-2 -carboXylate, 
2 -hydroXyethyl 3 -methylbicyclo [2 .2 . l ]hept-5 -ene-2-car 
boXylate, 2-hydroXyethyl 3-ethylbicyclo[2.2.l]hept-5-ene 
2-carboXylate, 2-hydroXyethyl 3-chlorobicyclo[2.2.l]hept 
5-ene-2-carboXylate, 2-hydroXyethyl 3-?uorobicyclo[2.2.l] 
hept-5-ene-2-carboXylate, 2-(bicyclo[2.2.l]hept-5-en-2 
yloXy)ethanol, 2-[(3-chlorobicyclo[2.2.l]hept-5-en-2-yl) 
oXy] ethanol, 2- [(3 -methylbicyclo[2.2 . l ]hept-5 -en-2-yl)oXy] 
ethanol, 2-[(3-?uorobicyclo[2.2.l]hept-5-en-2-yl)oXy] 
ethanol, 2-(bicyclo[2.2.l]hept-5-en-2-yloXy)ethanol, 2-[(3 
methylbicyclo[2.2.l]hept-5-en-2-yl)oXy]ethanol, 2-[(3 
?uorolbicyclo[2.2.l]hept-5-en-2-yl)oXy]ethanol, 2-(bicyclo 
[2.2.l]hept-5-en-2-yloXy)ethyl acetate, 2-[(3-?uorobicyclo 
[2.2. l]hept-5-en-2-yl)oXy] ethyl acetate, 2-[(3-methylbicyclo 
[2 .2. l]hept-5-en-2-yl)oXy] ethyl acetate, (tetracyclo 
[4.4.0.l2’5.l7’1O]dodec-8-ene-3-yloXy)ethanol, l-(3-methyl 
bicyclo [2 .2 . l ]hept-5 -en-2 -yl)acetone, l-(3 -chlorobicyclo 
[2.2. l]hept-5-en-2-yl)acetone, l-(3 -tri?uoromethylbicyclo 
[2.2.l]hept-5-en-2-yl)acetone, 3-methylbicyclo[2.2.l]hept 
5-ene-2-carboXylic acid, 3-chlorobicyclo[2.2.l]hept-5-ene 
2-carboXylic acid, 3-tri?uoromethylbicyclo[2.2.l]hept-5 
ene-2-carboXylic acid, 3-cyanobicyclo[2.2.l]hept-5-ene-2 
carboXylic acid, bicyclo[2.2.l]hept-5-ene-2,3-dicarboXylic 
acid, bicyclo[2.2.l]hept-5-en-2-ylacetic acid, (3 -methylbicy 
clo[2.2.l]hept-5-en-2-yl)acetic acid, (3-chlorobicyclo[2.2.l] 
hept-5-en-2-yl)acetic acid, (3-tri?uoromethylbicyclo[2.2.l] 
hept-5-en-2-yl)acetic acid and the like. The preferred 
monomers generating Structure (III) are bicyclo[2.2.l]hept 
2-ene, bicyclo[2.2.l]hept-5-ene-2-carboXylic acid, 2-hy 
droXyethyl bicyclo[2.2.l]hept-5-ene-2-carboXylate, 2-(bicy 
clo[2.2.l]hept-5-en-2-yloXy)ethanol, 2-(bicyclo[2.2.l]hept 
5-en-2-yloXy)ethyl acetate, (tetracyclo[4.4.0.l2’5.l7’lO] 
dodec-8-ene-3 -yloXy)ethanol and tetracyclo[4.4.0. l2’5 . 1 7do] 
dodec-8-ene. 
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In one embodiment of Structure (III) X andY are a meth 

ylene groups as illustrated in Structure (IIIa): 

Structure (IIIa) 

Wherein R21, R22, R23, R24, and u are de?ned as in Structure 
(III). Preferred values for R21, R22, R23 , R24, and u are also as 
de?ned in Structure (III). Illustrative examples of Structure 
(IIIa) generating monomer include, but are not limited to, 
bicyclo[2.2.l]hept-2-ene, bicyclo[2.2.l]hept-5-ene-2-car 
boxylic acid, methyl bicyclo[2.2.l]hept-5-ene-2-carboxy 

2-hydroxy 
bicyclo [2 .2. l]hept-5-ene-2 -carboxylate, 

late, 
ethyl 
2-hydroxyethyl 3 -?uorobicyclo [2 .2 . l ]hept-5 -ene-2-car 

boxylate, 2-(bicyclo[2 .2 . l ]hept-5 -en-2-yloxy)ethanol, 2-[(3 - 

chlorobicyclo[2.2 . l ]hept-5 -en-2-yl)oxy]ethanol, 2-(bicyclo 

[2.2. l]hept-5-en-2-yloxy)ethyl acetate, 2-[(3 -?uorobicyclo 
[2.2. l]hept-5-en-2-yl)oxy]ethyl acetate, 2- [(3 -methylbicyclo 
[2.2. l]hept-5-en-2-yl)oxy]ethylacetate, (tetracyclo 
[4.4.0. 12’5 . l 7’1O]dodec-8-ene-3-yloxy)ethanol, l-(3 -methyl 
bicyclo [2 .2 . l ]hept-5 -en-2 -yl)acetone, and the like. 

l-bicyclo [2.2. l]hept-5-en-2-ylethanone, 

In one embodiment of Structure (IIIa), u is de?ned as 0: 

Structure (IIIa- 1) 

R2 1 R23 

R22 R24 

Wherein R21, R22, R23 and R24 are de?ned as in Structure 

(IIIa). Preferred values for R21, R22, R23 and R24 are also as 
de?ned in Structure (IIIa). Illustrative examples of Structure 
(IIIa-l) generating monomer include, but are not limited to, 
bicyclo[2.2.l]hept-2-ene, 
boxylic acid, methyl bicyclo[2.2.l]hept-5-ene-2-carboxy 

2-hydroxy 
ethyl bicyclo [2 .2. l]hept-5-ene-2 -carboxylate, 
2-hydroxyethyl 3 -?uorobicyclo [2 .2 . l ]hept-5 -ene-2-car 

boxylate, 2-(bicyclo[2.2.l]hept-5-en-2-yloxy)ethanol, 2-[(3 
chlorobicyclo[2.2.l]hept-5-en-2-yl)oxy]ethanol, 2-(bicyclo 
[2.2.l]hept-5-en-2-yloxy)ethyl acetate, 2-[(3-?uorobicyclo 
[2.2. l]hept-5-en-2-yl)oxy]ethyl acetate, 2-[(3 -methylbicyclo 
[2.2. l]hept-5-en-2-yl)oxy]ethylacetate and the like. 

bicyclo[2.2.l]hept-5-ene-2-car 

late, l-bicyclo[2.2. l]hept-5-en-2-ylethanone, 
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In another embodiment of Structure (IIIa), u is de?ned as 1: 

Structure (Illa-2) 

Wherein R21, R22, R23 and R24 are de?ned as in Structure 
(IIIa). Preferred values for R21, R22, R23 and R24 are also as 
de?ned in Structure (IIIa). Illustrative examples of Structure 
(IIIa-2) generating monomer include, but are not limited to, 
tetracyclo[4.4.0. 125.17’lO]dodec-8-ene-3-ene, tetracyclo 
[4.4.0.l2’5.l7’lO]dodec-8-ene-3-carboxylic acid, methyl tet 
racyclo[4.4.0.l2’5.l7’lO]dodec-8-ene-3-carboxylate, l'-(tet 
racyclo[4.4.0. l 2’5 . l7’lO]dodec-8-ene-3 -ylethanone, 
2'-hydroxyethyl (tetracyclo[4.4.0.l2’5.l7’lO]dodec-8-ene-3 
carboxylate), 2'-hydroxyethyl 4-?uoro-(tetracyclo 
[4.4.0.l2’5,l7’lO]dodec-8-ene-3-carboxylate), 2'-(tetracyclo 
[4.4.0. 12’5 . l 7’1O]dodec-8-ene-3-yloxy)ethanol, 2'-(tetracyclo 
[4.4.0.l2’5.l7’1O]dodec-8-ene-3-yloxy)ethyl acetate and the 
like. 

In yet another embodiment of Structure (IIIa), u is de?ned 
as 2: 

Structure Illa-3 
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In another embodiment of Structure (III) X and Y are a 
sulfur atom as illustrated in Structure (IIIb): 

Structure (IIIb) 

R21 u R23 

R22 R24 

Wherein R21, R22, R23, R24 and u are de?ned as in Structure 
(III). Preferred values for R21, R22, R23 , R24, and u are also as 
de?ned in Structure (III). Illustrative examples of Structure 
(IIIb) generating monomer include, but are not limited to, 
2-hydroxyethyl 7-thiabicyclo[2.2.l]hept-5-ene-2-carboxy 
late, 7-thiabicyclo[2.2.l]hept-5-ene-2-carboxylic acid, 7-thi 
abicyclo[2.2.l]hept-5-ene-2,3-dicarboxylic acid, l-(3-me 
thyl-7-thiabicyclo[2 .2 . l ]hept-5 -en-2 -yl)acetone, 3 -methyl 
7-thiabicyclo[2.2.l]hept-5-ene-2-carboxylic acid, 3-cyano 
7-thiabicyclo [2 .2. l]hept-5-ene-2 -carboxylic acid, 
7-thiabicyclo[2.2. l]hept-5-en-2-ylacetic acid and the like. 

In yet another embodiment of Structure (III) X andY are an 
oxygen atom as illustrated in Structure (IIIc): 

Structure (IIIc) 

Wherein R21, R22, R23, R24, and u are de?ned as in Structure 
(III). Preferred values for R21, R22, R23 , R24, and u are also as 
de?ned in Structure (III). Examples of Structure (IIIc) 
include, but are not limited to, 2-hydroxyethyl 7-oxabicyclo 
[2.2. l]hept-5-ene-2-carboxylate, 7-oxabicyclo[2.2.l]hept-5 
ene-2-carboxylic acid, 7-oxabicyclo[2.2.l]hept-5-ene-2,3 
dicarboxylic acid, l-(3 -methyl-7-oxabicyclo[2.2.l]hept-5 
en-2-yl)acetone, 3-methyl-7-oxabicyclo[2.2. l]hept-5-ene-2 
carboxylic acid, 3-cyano-7-oxabicyclo[2.2.l]hept-5-ene-2 
carboxylic acid, 7-oxabicyclo[2.2.l]hept-5-en-2-ylacetic 
acid and the like. 

The absorbance of the cycloole?n polymer is tuned by 
adjusting the concentration of the individual monomeric units 
I, II, and III in the cycloole?n polymer, Which may contain 
more than one example of each type of monomeric unit by the 
use of multiple monomers providing monomeric units of the 
speci?ed structure after polymerization. It should be noted 
that the absorbance of a given cycloole?n polymer may be 
different at different Wavelengths, requiring the optimization 
of a cycloole?n polymer for a particular Wavelength of inter 
est. Additionally, the monomeric unit choice and concentra 
tion is optimized for high etch selectivity, and compatibility 
With solvents. 
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The concentration of repeating units in the cycloole?n 

polymer is determined by the desired lithographic and etch 
properties of the Underlayer ?lm. Typically, Structure I is 
incorporated into the cycloole?n polymer at about 5 to about 
60 mole %. A preferred concentration of Structure I in the 
cycloole?n polymer is from about 10 to about 50 mole %. 
More preferred is a molar content of Structure I of about 10 to 
about 45 mole % in the cycloole?n polymer of the present 
disclosure. The most preferred concentration of Structure I in 
the cycloole?n polymer is from about 15 to about 40 mole %. 
The concentration of repeating units in the cycloole?n poly 
mer having Structure II ranges from about 40 to about 95 
mole %. A preferred concentration of Structure II in the 
cycloole?n polymer is from about 50 to about 90 mole %. 
More preferred is a molar content of Structure II of about 55 
to about 90 mole % in the cycloole?n polymer of the present 
disclosure. The most preferred concentration of Structure II 
in the cycloole?n polymer is from about 60 to about 85 
mole % 

If Structure III is used in the cycloole?n polymer, then the 
composition of the cycloole?n polymer typical includes from 
about 5 to about 50 mole % of Structure I, from about 20 to 
about 60 mole % of Structure II and from about 20 to about 70 
mole % of Structure III. Preferably the composition of the 
cycloole?n polymer includes from about 10 to about 45 mole 
% of Structure I, from about 20 to about 55 mole % of 
Structure II and from about 25 to about 65 mole % of Struc 
ture III When Structure III is incorporated into the cycloole?n 
polymer. A more preferred composition for the cycloole?n 
polymer that employs Structure III is about 10 to about 40 
mole % Structure I, about 25 to about 55 mole % Structure II 
and about 30 to about 60 mole % Structure III. The most 
preferred composition of the cycloole?n polymer employing 
Structure III is about 15 mole % to about 35 mole % Structure 
I, about 30 to about 50 mole % Structure II and about 30 to 
about 55 mole % Structure III. 
The cycloole?n polymers employed in the present disclo 

sure have a Weight average molecular Weight (MW) in terms 
of polystyrene from about 400 to about 25,000. The cycloole 
?n polymers With MW in terms of polystyrene from about 400 
to about 10,000 are preferred. More preferred are the 
cycloole?n polymers With MW in terms of polystyrene from 
about 800 to about 8,000. The cycloole?n polymers With MW 
of more than about 25000 become insoluble in commonly 
used resist solvents. The value of MW can be determined by 
such standard methods as gel permeation chromatography as 
described, for example, in J an Rabek, Experimental Methods 
in Polymer Chemistry, John Wiley&Sons, NeW York, 1983. 
The polydispersity (PDI) of the cycloole?n polymer may 
range from 1 to about 6. A preferred polydispersity of the 
cycloole?n polymer is from about 1 to about 4. A more 
preferred PDI range for the cycloole?n polymer is from about 
1 to about 3 
The cycloole?n polymers of the present disclosure are 

prepared by addition polymerization using a single compo 
nent or multi-components catalyst system With Group VIII 
transition metals. Suitable Group VIII metal catalysts and 
synthetic procedures are disclosed in US. Pat. Nos. 6,232, 
417, 6,265,506 and 6,455,650. 
The polymerization can be performed by mixing a suitable 

molar ratio of monomers generating repeating units (I), (II) 
and optionally (III). Suitable solvents Which can be used for 
the polymerization include, but are not limited to, hydrocar 
bons, such as pentane, hexane, heptane, cyclohexane, halo 
genated hydrocarbons, such as dichloromethane, l,2-dichlo 
roethane, aromatic hydrocarbons, such as toluene and 
xylenes, halogenated aromatic hydrocarbons, such as, chlo 
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robenZene and o-dichlorobenZene and the like. The tempera 
ture for the polymerization With Group VIII transition metal 
catalysts ranges from about —10° C. to about 80° C. depend 
ing upon the nature of the catalyst. 

In the next step, the cycloole?n polymer can be isolated by 
precipitation into a suitable non-solvent or the cycloole?n 
polymer solution can be diluted With a suitable alcohol sol 
vent. Polymerization catalysts and co-catalysts are removed 
from the cycloole?n polymer either before or after alcoholy 
sis using a functional resin depending on the catalyst or cata 
lysts employed in the polymerization. Examples of alcohol 
solvents include, but not are limited to, methanol, ethanol, 
propanol, butanol, 2-methoxy propanol and the like. The 
cycloole?n polymer is then subjected to transesteri?cation 
conditions to remove protective groups (eg acetoxy) from 
the cycloole?n polymer in a solvent mixture containing the 
alcohol solvent in the presence of a catalytic amount of a 
transesteri?cation catalyst. The catalyst selected Will not sub 
stantially react With other functional groups in the cycloole?n 
polymer. The catalyst is selected from the group consisting of 
ammonia, lithium methoxide, lithium ethoxide, lithium iso 
propoxide, sodium methoxide, sodium ethoxide, sodium iso 
propoxide, potassium methoxide, potassium ethoxide, potas 
sium isopropoxide, cesium methoxide, cesium ethoxide, 
cesium isopropoxide, and combinations thereof, Wherein the 
alkoxide anion is similar to the alcohol solvent. It is also 
understood that the catalyst can be an alkali metal hydroxide 
such as lithium hydroxide, sodium hydroxide, potassium 
hydroxide, cesium hydroxide and combinations thereof. 

The amount of catalyst employed is from about 0.1 to about 
20 mole % of acetoxy groups in the composition of the 
cycloole?n polymer. Preferably, the catalyst is added in a 
second step as a solution in the alcohol solvent. The tempera 
ture in this second step is such that the transesteri?ed by 
product ester formed can be continually removed from the 
reaction mixture. Such temperatures canbe from about 50° C. 
to about 150° C. The transesteri?cation reaction can be car 
ried out at the re?ux temperature of the alcohol solvent. The 
procedure of alcoholysis may be similar to those procedures 
disclosed in U.S. Pat. No. 6,759,483, and PCT publications 
WO 9957163 and WO 03089482. 

In a third step, additional puri?cation of the cycloole?n 
polymer can be done by treatment of the cold alcoholyZed the 
cycloole?n polymer solution With a preferably strongly 
acidic cation exchange resin such as a sulfonated styrene/ 
divinylbenZene cation exchange resin in hydrogen ion form. 
The procedure used in the ion exchange resin treatment may 
be similar to those procedures disclosed in U.S. Pat. Nos. 
5,284,930 and 5,288,850. In conjunction With the polymer 
iZation, precipitation/puri?cation, transesteri?cation and 
resin treatment steps, it is critical that all steps be conducted 
on an anhydrous basis, i.e. Where the Water level is less than 
about 5000 parts per million (ppm), in order to avoid possible 
side reactions and to provide a convenient and direct route to 
an Underlayer composition Without having to isolate the 
cycloole?n polymer again. If necessary, hoWever, the 
cycloole?n polymer may be isolated by precipitation from the 
reaction medium by addition of the reaction medium to a 
non-solvent for the cycloole?n polymer such as Water, hex 
ane, heptane, octane, petroleum ether, and combinations 
thereof. 

The Underlayer composition further comprises one or 
more amino or phenolic cross-linking agents. 

Any suitable amino or phenolic cross-linking agent may be 
used in the present application such as methylolated and/or 

20 

25 

30 

35 

40 

50 

55 

60 

65 

36 
methylolated and etheri?ed guanamines, methylolated and/ or 
methylolated and etheri?ed melamines and the like. 
Examples of suitable melamine cross-linking agents are 
methoxyalkylmelamines such as hexamethoxymeth 
ylmelamine, trimethoxymethylmelamine, hexamethoxyeth 
ylmelamine, tetramethoxyethylmelamine, hexamethoxypro 
pylmelamine, pentamethoxypropylmelamine, and the like. 
The preferred melamine cross-linking agent is hexam 
ethoxymethylmelamine. Preferred aminocrosslinking agents 
are MW100LM melamine crosslinker from SanWa Chemical 

Co. Ltd., KanaxaWa-ken, Japan, Cymel 303, Cymel 1171, 
and PoWderlink 1174 from Cytec Industries, West Patterson, 
N.J. Examples of suitable phenolic cross-linking agents are 
disclosed in U.S. Pat. Nos. 5,488,182 and 6,777,161 and US 
Patent application 2005/0238997. 4,4'-[1,4-phenylenebis 
(methylidene)]bis(3,5-dihydroxymethyl phenol), 4,4'-[1,4 
phenylenebis(1 -ethylidene)]bis(3 ,5 -dihydroxymethyl phe 
nol), 4,4'-[1,4-phenylenebis(1-propylidene)]bis(3,5 - 

dihydroxymethyl phenol), 4,4'- [1 ,4-phenylenebis(1 - 
butylidene)]bis(3,5-dihydroxymethyl phenol), 4,4'-[1,4 
phenylenebis (1 -p entylidene)]bis (3 ,5 -dihydroxymethyl 
phenol), 4,4'-[1,4-phenylenebis(1-methyl ethylidene)]bis(3, 
5-dihydroxymethyl phenol), 4,4'-[1,4-phenylenebis(1-ethyl 
propylidene)]bis(3,5-dihydroxymethyl phenol), 4,4'-[1,4 
phenylenebis (1 -propyl butylidene)] bi s(3, 5 -dihydroxym 
ethyl phenol), 4,4'-[1,4-phenylenebis(1-butyl pentylidene)] 
bis(3,5-dihydroxymethyl phenol), 4,4'-[1,3-phenylenebis 
(methylidene)]bis(3,5-dihydroxymethyl phenol), 4,4'-[1,3 
phenylenebis(1 -methyl ethylidene)]his (3 ,5 - 
dihydroxymethyl phenol), 4,4'-[1,3-phenylenebis(1-ethyl 
propylidene)]bis(3,5-dihydroxymethyl phenol), 4,4'-[1,3 
phenylenebis (1 -propyl butylidene)] bi s(3, 5 -dihydroxym 
ethyl phenol) and 4,4'-[1,3-phenylenebis(1-butyl pentyl 
idene)]bis(3,5-dihydroxymethyl phenol) are given as speci?c 
examples of hydroxymethyl-substituted polyfunctional phe 
nols as crosslinker precursor. Crosslinkers employed in this 
disclosure can be purchased commercially, or prepared by 
hydroxymethylation or alkoxymethylation of the correspond 
ing phenols using standard techniques knoWn to those skilled 
in the art. The preferred phenol crosslinker is 4-[1-[4-[1,1-bis 
[4 -hydroxy-3, 5 -bis(methoxymethyl)phenyl] ethyl]phenyl] - 
1 -methyl ethyl] -2, 6-bi s(methoxymethyl)phenol available 
under the commercial name of CLR-19-MF from Honshu 
Chemical Industries Co. Ltd., Tokyo, Japan. 
The Underlayer composition of the present disclosure fur 

ther comprises one or more thermal acid generators (TAGs). 

TAGs useful in this disclosure are latent acid catalyst(s), 

Which may be classi?ed as either ionic or nonionic TAGs. For 

example the sulfonic esters of organic acids belong to the 
class of nonionic TAGs. Examples of nonionic sulfonate 
derivatives useful as TAGs include, but are not limited to, 

cyclohexyltosylate, 2-nitrobenZyl tosylate, 2-nitrobenZyl 
methylsulfonate, 2,6-dinitro benZyl p-toluenesulfonate, 
4-dinitrobenZyl-p-toluenesulfonate, 1,2,3-tris(methane sul 
fonyloxy)benZene, 1 ,2,3 -tris(methanesulfonyloxy)benZene, 
1,2,3 -tris(ethanesulfonyloxy)benZene, 1,2,3-tris(propane 
sulfonyloxy)benZene, 1,2,3-tris(tri?uoromethane sulfony 
loxy)benZene, 1,2,3-tris(p-toluene sulfonyloxy)benZene, 
4-nitrobenZyl 9,10-dimethoxyanthracene-2-sulfonate and 
the like. 
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Suitable latent acid catalyst TAGs classi?ed as ionic TAGs 
include organic acid salts represented by Structure lVa: 

Structure lVa 

R31 
\ / 
N+ 

/ \ 
R32 

[A119] 
R33 

Wherein R3 l, R32 and R3 3 are independently a hydrogen atom, 
substituted or unsubstituted alkyl, substituted or unsubsti 
tuted cycloalkyl, substituted or unsubstituted alicyclic, par 
tially or completely halogen substituted alkyl, substituted or 
unsubstituted aryl, substituted or unsubstituted alkoxy 
groups, or any tWo of R31, R32 and R33 or all of R31, R32 and 
R33 are part of a cyclic orpolycyclic group Which may contain 
an oxygen, sulfur or nitrogen hetero atom; An- is selected 
from the group consisting of sulfonates of substituted or 
unsubstituted Cl-Cl2 alkyl, partially or completely halogen 
substituted C l-C 12 alkyl, C4-Cl5 cycloalkyl, partially or com 
pletely halogen substituted C4-Cl5 cycloalkyl, C7-C2O alicy 
clic or C6-C2O aromatic groups; disulfonates of substituted or 
unsubstituted C l-C l2 alkylene, partially or completely halo 
gen substituted Cl-Cl2 alkylene, C4-Cl5 cycloalkylene, par 
tially or completely halogen substituted C4-Cl5 cycloalky 
lene, C7-C2O alicyclic or C6-C2O aromatic groups; 
sulfonamides of Structure Va 

Structure Va 

Wherein R41 and R42 are independently substituted or unsub 
stituted alkyl, substituted or unsubstituted cycloalkyl, substi 
tuted or unsubstituted alicyclic, partially or completely halo 
gen substituted alkyl, or substituted or unsubstituted aryl 
groups; and methides of Structure Vb 

Structure Vb 

Wherein R43, R44 and R45 are independently C l-C 1O per?uo 
roalkylsulfonyl groups. 

Suitable examples of amines Which can be used to generate 
the ammonium ion include but are not limited to tributy 
lamine, triisobutylamine, dicyclohexylamine, N-ethyldicy 
clohexylamine, 1-methylpyrrolidine, 1-butylpyrrolidine, 
piperidine, 1 -methylpiperidine, hexamethyleneimine, hep 
tamethyleneimine, tropane, quinuclidine, 4-methyl-1-oxa-3 - 
aZa-cyclopentane, 4,4-dimethyl-1-oxa-3-aZa-cyclopentane, 
4,4-diethyl-1-oxa-3 -aZa-cyclopentane, 4,4-diisopropyl-1 
oxa-3-aZa-cyclopentane, 4,4-ditert-butyl-1-oxa-3-aZa-cyclo 
pentane, 4,4-dimethyl-1-oxa-3 -aZa-cyclohexane, 1-aZa-3 ,7 
dioxa-5-ethylbicyclo [3 .3 .0] octane, 1-aZa-3 ,7-dioxa-5 - 
methylbicyclo[3 .3 .0]octane, 1-aZa-3 ,7-dioxa-5 - 
tertbutylbicyclo [3 .3 .0] octane and the like. Examples of 
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38 
suitable TAGs of this type can be found in US. Pat. Nos. 
3,474,054, 4,200,729, 4,251,665, and 5,187,019 herein incor 
porated by reference. 

Another suitable type of latent acid catalyst classi?ed as an 
ionic Tag are benZylammonium salts of acids represented by 
Structure lVb and lVc. 

Structure lVb 

R51 R34 1|{36 

R52@_’iIf+_R3s [A119] 
R53 R35 R37 

Structure lVc 

R36 R54 

38 \ 55 9 R N+ I R An 

R37 \_/ R56 

Wherein R34 and R35 are independently hydrogen, alkyl or 
halogen group; R3 6 and R37 are independently C 1 -C 10 alkyl or 
alkoxy group; R38 is phenyl group; R51, R52, R53, R54, R55 
and R56 are independently hydrogen, alkyl or halogen group 
and An- has the same meaning de?ned above. 

Suitable examples of benZylic amines Which can be used to 
generate the ammonium ion include, but are not limited, 
N-(4-methoxybenZyl)-N,N-dimethylaniline, N-(benZyl)-N, 
N-dimethylaniline, N-(benZyl)-N,N-dimethyltoluidine, 
N-(4-methylbenZyl)-N,N-dimethylaniline, N-(4-methoxy 
benZyl)-N,N-dimethylaniline, N-(4-chlorobenZyl)-N,N 
dimethylaniline, N- (t-butylbenZyl)-dimethylpyridine and the 
like. The ammonium salts may also be quaternary and syn 
thesiZed by other methods. Examples of this class of ionic 
TAG may be found in US. Pat. Nos. 5,132,377, 5,066,722, 
6,773,474 and US. publication 2005/0215713, herein incor 
porated by reference. 
The TAGS useful for this disclosure are those compounds 

capable of generation of free acid at the bake temperature of 
the ?lms formed from the Underlayer composition. Typically 
these temperatures range from about 90° C. to about 2500 C. 
Preferably the TAG Will have a very loW volatility at tempera 
tures between 170-2200 C. TAGs employed in this disclosure 
can be purchased commercially (eg from King Industries, 
NorWalk, Conn. 06852, USA), prepared by published syn 
thetic procedures or synthetic procedures knoWn to those 
skilled in the art. 
The thermal acid generators described above should not be 

considered photoacid generators. Any sensitivity that the 
thermal acid generators may have to UV light should be very 
poor and they cannot practically be used in photolithography 
as a photoacid generators. 

Suitable solvents for the Underlayer composition include 
alcohols, ketones, ethers and esters, such as 1-pentanol, 
3-methoxy-1-butanol, propyleneglycol monomethyl ether 
(PGME), 2-heptanone, cyclopentanone, cyclohexanone, 
y-butyrolactone, ethylene glycol monomethyl ether, ethylene 
glycol monoethyl ether, 2-methoxyethyl acetate, ethylene 
glycol monoethyl ether acetate (PGMEA), propylene glycol 
monoethyl, propylene glycol methyl ether acetate, methyl 
lactate, ethyl lactate, methyl 3-methoxypropionate, ethyl 
ethoxypropionate, methyl pyruvate, ethyl pyruvate, propyl 
pyruvate, N-methyl-2-pyrrolidone, ethylene glycol monoiso 
propyl ether, diethylene glycol monoethyl ether, diethylene 
glycol dimethyl ether and the like. The more preferred sol 






























